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Summary
? The Esperance Lakes area covers 406,000 ha and contains the towns of 
Esperance and Gibson and falls entirely within the Esperance Shire.  The area 
contains a diverse range of landscapes including coastal plain, sandplain and 
inland mallee plains.  The climate is typically temperate with cool wet winters 
and dry warm summers.
? The most common soil groups are the Grey deep sandy duplex (gravelly) soils.  
The dominant soil-landscape systems are the Esperance and Scaddan 
Systems which occupy 70 per cent of the study area.  The most common land 
management hazards are water repellence and wind erosion. 
? There are numerous wetland, creek and river systems, including two 
internationally significant, Ramsar-listed wetland systems.  The wetlands suites 
in nature reserves are generally in good condition while the condition of 
foreshore vegetation of the creek and river systems is generally poor. 
? Depth to groundwater ranges from ground level to 18 m with a median depth of 
2.1 m in the Esperance Sandplain Zone and 5.3 m in the Salmon Gums Mallee 
Zone.  Groundwater quality is generally saline and salinity increases away from 
the coast. 
? Groundwater levels in nearly half of the monitoring bores are showing rising 
trends of up to 0.25 m/yr, and most of the remainder show fluctuating trends.
? Twenty per cent of the area analysed is low-lying and represents areas that are 
currently at threat from various hydrological hazards.  Almost two-thirds of the 
low-lying areas occur in the Esperance System and most of these areas have 
the potential to develop shallow watertables.   
? The study area has one-quarter of its original native vegetation cover remaining 
and 90 per cent of this vegetation occurs in reserves.  The native vegetation 
includes 48 species of Priority Flora, 2 species of Declared Rare Flora (DRF) 
and 4 Priority Ecological Communities (PEC).  
? Sixteen per cent of the farmland’s native vegetation is in low-lying areas which 
threaten 1 species of DRF and 11 species of Priority Flora, and there are 2 
species of Priority Flora and 2 PEC’s under immediate threat from shallow 
watertables.  
? Seventy per cent of the Lake Gore Nature Reserve is currently degraded and 
up to 90 per cent is at risk from rising shallow watertables and inundation.  Sixty 
per cent of the Esperance Lakes Nature Reserve is currently degraded and up 
to 75 per cent is at risk of degradation by shallow watertables and inundation.
? The soils in the sandplain and the depth to groundwater in the mallee region are 
the largest obstructions to improving the reliability of on-farm water supplies. 
? In 2003–04, the gross agricultural production of the study area was estimated at 
about $85m.  Crops include wheat, barley and canola, and there has been a 
trend for cropping and beef to replace the sheep industry. 
? A range of options for reducing land degradation is discussed.  Factors such as 
soil type, annual rainfall, enterprise mix and financial structure will determine the 
most suitable approach for each farm business. 
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1. Introduction 
Soil degradation on farmland reduces agricultural production and damages 
infrastructure and natural resources, such as remnant vegetation, waterways and 
wetlands.  While dryland salinity, waterlogging and soil erosion cause serious 
environmental problems, several other forms of soil degradation are of concern, such 
as water repellence, wind erosion and soil acidity.   
The Department of Agriculture and Food (DAFWA) has been using a rapid catchment 
appraisal process to assess the condition of, and future risk of soil degradation to 
agricultural and natural resources, and provide information for reducing those risks 
within regional geographic catchments.  The process also attempts to identify the 
most suitable options for managing the risk. 
This report summarises current information on the agricultural and natural resources 
for the Esperance Lakes catchments. 
1.1 Study area 
The Esperance Lakes catchments cover about 406,000 ha and contain the towns of 
Esperance and Gibson and the townsites of Scaddan, Dalyup and Coomalbidgup.
Its southern boundary abuts the Southern Ocean (Figure 1). 
The study area falls entirely within the Esperance Shire and contains a diverse 
number of landscapes including coastal plain and dunes, sandplain and inland 
mallee plains.  The area also contains two internationally important, Ramsar-listed 
wetland suites, a number of nature reserves and unallocated Crown land.  
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Figure 1. Location of the study area in the Esperance district. 
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2. Natural resource base 
2.1 Climatea
The climate is temperate with cool wet winters and dry warm summers.   
2.1.1 Rainfall 
Annual rainfall varies from 610 mm in the south at Esperance to 420 mm at Scaddan 
(Figure 2).  The driest year since 1975 was 1994, when the area received two-thirds 
or less of the average annual rainfall. The highest annual rainfall occurred in 1999 
for Esperance with 260 mm more than average, while Scaddan received their highest 
annual rainfall in 1992 (Table 1).
There is a 20 per cent chance (1 in 5 years) that Esperance will receive annual 
rainfall above 690 mm (wet year) or below 510 mm (dry year).  July is the wettest 
month with Esperance averaging 95 mm and Scaddan averaging 55 mm and both 
areas average only about 20 mm in December.  Between two-thirds and 
three-quarters of the rain falls during the growing season (May–October) and 
evaporation is also lowest in these months (Figures 3 and 4).
Table 1. Rainfall statistics 
Percentile 
Location 
Average 
annual
rainfall
(mm) 
20% 
Dry year
(mm) 
50% 
Median
(mm) 
80% 
Wet year
(mm) 
Driest year 
(mm) 
Wettest year
(mm) 
Esperance 610 510 570 690 400 (1994) 870 (1999) 
Scaddan 420 350 390 490 240 (1994) 690 (1992) 
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Figure 3. Average monthly rainfall and evaporation 1975–2005, for a) Esperance and b) 
Scaddan.
                                           
a  All the climate data except for wind was obtained from DAFWA (2006a).   
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Figure 2. Rainfall isohyets. 
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Figure 4. Annual rainfall for a) Esperance and b) Scaddan. 
2.1.2 Temperature 
Temperatures range from average daily highs in summer of 25–28°C, to average 
winter highs of 16–18°C (Figure 5).  The highest temperature since 1975 was 
recorded in Esperance at 46.7°C in February 1991, and the lowest temperature was 
-0.5°C at Scaddan in July 1988.  The average winter minimum temperature is 7–9°C
and the average summer minimum temperature is 13–16°C.
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Figure 5. Highest and lowest recorded temperatures, and average daily maximum and 
minimum for a) Esperance and b) Scaddan (1975–2005). 
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2.1.3 Frost 
The frequency of occurrence of days with a minimum temperature of less than 2°C 
can be used as an indicator of the likelihood of frosts or damaging low temperatures.
It is not an observation of frost on the ground.  The actual occurrence of frost 
depends upon a complex interaction of climate with landscape factors, such as 
topography, soil type and vegetation cover (Foster 2000).  Crops are most 
susceptible to frost damage in the flowering stage, which is September–October.
In the last 15 years Scaddan recorded only 1 year with temperatures below 2°C in 
September or October and Esperance recorded none.  Potential frost events 
throughout the area are not common and predominantly occur only in winter months. 
2.1.4 Wind 
When wind reaches speeds of 29 km/h or more, it can move exposed particles of soil 
up to sand grain size.  During March to June, after summer grazing, wind erosion 
affects the more fertile soil layers and so it is more damaging to the soil and 
productivity than erosion of land in crop.  Less than 5 per cent of wind recorded by 
DAFWA’s climate station at Scaddan was greater than 29 km/h, and on average 
about one-third of these winds blew from March to June when there is a high risk of 
wind erosion (Figure 6a).
Although years are highly variable and strong wind events occur episodically, the 
strong winds at Scaddan are predominantly from the north and west (Figure 6b).
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Figure 6. a) Hours of strong winds (> 29 km/h); and b) predominant direction of strong 
winds recorded. 
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2.2 Geology 
Proterozoic crystalline rocks of the Albany-Fraser Orogen form the basement rock 
that underlies the study area (Morgan and Peers 1973).  Tertiary sediments from the 
Plantagenet Group of the Bremer Basin unconformably overlie the weathered 
basement rock.  Quaternary surficial sediments form a widespread veneer over both 
the basement rock and Tertiary sediments. 
The basement rocks consist of gneissic migmatite, granite and migmatite (Morgan 
and Peers 1973), and most have been deeply weathered in-situ to form dense 
kaolinitic clay which can be up to 30 m thick (Johnson and Baddock 1998).  
Unweathered basement rock outcrops form headlands, offshore islands and 
dome-like hills. 
The Tertiary sediments consist of two distinct formations:  The Werillup Formation 
and the Pallinup Siltstone Formation.  The deeper Werillup Formation consists of fine 
to coarse grained basal sand, lignite and carbonaceous clay (Johnson and Baddock 
1998) and has a maximum thickness of 50 m (Morgan and Peers 1973).  This 
formation is restricted to depressions and valleys (palaeodrainage systems) in the 
basement rocks (Cockbain 1968), forming a discontinuous sedimentary layer.  The 
shallower Pallinup Siltstone Formation has a similar thickness but is more 
widespread and consists of siltstone, clayey sandstone and spongolite overlying 
either the Werillup Formation sediments or weathered basement rock (Morgan and 
Peers 1973). 
Quaternary sediments form the present day sandplain and occur as a thin (< 10 m) 
surface veneer overlying the Tertiary sediments or weathered basement rock.  The 
thicker Quaternary sediments form rounded dunes and ridges on the sandplain and 
along the coast (Morgan and Peers 1973).  The coastal dunes and ridges can be up 
to 160 m high and overlie calcareous shelly limestone (Johnson and Baddock 1998). 
2.3 Soil-landscape information 
2.3.1 Soil groups  
The most common soil groups (Schoknecht 2002) are the Grey deep sandy duplex 
(gravelly) soils that cover nearly one-third of the area.  Collectively, the 3 main soil 
groups account for two-thirds of the area, which reflects the simple sedimentary 
geology and its Aeolian influences (Table 2, Figure 7). 
2.3.2 Soil-landscape systems and subsystems 
The study area crosses 2 soil-landscape zones:  The Esperance Sandplain (245) and 
the Salmon Gums Mallee (246).  Within these zones are soil-landscape systems 
which are areas with repeating patterns of landforms and slopes with associated 
soils.  There are 10 systems in the area and the 2 dominant systems cover 70 per 
cent.  These systems are the undulating sand-sheets of the Esperance System which 
has 6 major subsystems present, and the undulating plains of the Scaddan System 
which has 3 major subsystems present (Table 3, Figure 8, Appendix 1).  The 3 most 
common subsystems occupy 55 per cent of the study area (DAFWA 2006b).   
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Table 2. Soil groups  
Soil group Area (ha) Area (%) 
Grey deep sandy duplex 129,000 32 
Pale deep sand 77,000 19 
Alkaline grey shallow sandy duplex 61,000 15 
Alkaline grey shallow loamy duplex 25,000 6 
Calcareous deep sand 21,000 5 
Calcareous loamy earth 18,000 4 
Alkaline grey deep sandy duplex 14,000 3 
Saline wet soil 13,000 3 
Grey shallow sandy duplex 13,000 3 
Salt lake soil 12,000 3 
Calcareous shallow sand 7,000 2 
Shallow gravel 6,000 2 
Other soils (8 groups) 10,000 3 
Total 406,000 100 
Table 3. Major soil-landscape subsystems 
Subsystem Description 
Esperance System (245Es) 
Es1
(123,000 ha, 
30%)
Level to gently undulating sandplain with sand-sheets, internally drained to 
swamps, externally via incipient saline drainage lines.  Grey deep sandy duplex 
(gravelly) soils with associated Pale deep sands and minor Grey shallow sandy 
duplex soils. 
Es2
(43,000 ha, 11%) 
Gently undulating sand-sheet and minor subdued dunes with swales and soaks.  
Pale deep sands with associated Grey deep sandy duplex (gravelly) soils. 
Es3
(21,000 ha, 5%) 
Level plain with small playa lakes along incipient saline drainage lines.  Grey 
deep sandy duplex (gravelly) soils, associated Salt lake soils and Calcareous 
loamy earths.  There are some signs of secondary salinity. 
Es4
(7,000 ha, 2%) 
Gently inclined scarp (40 m high) mantled in places by subdued sand-sheets, 
also dissected by drainage lines in places.  Grey shallow sandy duplex soils and 
Pale deep sands with associated Grey deep sandy duplex (gravelly) soils and 
minor Wet soils. 
Es9
(5,000 ha, 1%) 
Minor river valleys with moderately inclined slopes.  Grey deep sandy duplex 
(gravelly) soils with associated Grey shallow sandy duplex soils and Pale deep 
sands. 
Es5
(2,000 ha, 1%) 
Level plain with numerous internally drained swamps.  Dominantly Grey deep 
sandy duplex (gravelly) soils and Grey shallow sandy duplex soils.  Minor pale 
deep sands and other soils. 
Scaddan System (246Sc) 
Sc1
(58,000 ha, 14%) 
Level to gently undulating plain with areas of gilgai microrelief.  Drainage is 
generally poorly developed and usually internal.  Alkaline grey shallow 
sandy/loamy duplex soils with Pale deep sands and minor Deep sandy duplexes 
and Ironstone gravel soils.  
Sc9
(11,000 ha, 3%) 
Headwater slopes gently inclined to moderately inclined plains and hillslopes.  
Alkaline grey shallow sandy duplex soils and Grey shallow sandy duplex soils 
with minor Saline wet soils. 
Sc7
(8,000 ha, 2%) 
Slightly elevated (upper landscape position) gently undulating plain.  Alkaline 
grey shallow sandy duplex soils and associated Alkaline red shallow loamy 
duplex soils. 
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2.3.3 Topography 
Where the slope is greater than 1 per cent, water sheds off the land (a shedding 
landscape) and may cause erosion.  Water flows from a shedding landscape and 
accumulates in a receiving landscape, which has low slope (< 1%), where it may 
cause waterlogging, inundation, flooding and add to groundwater recharge. 
About 20 per cent of the landscape is gently to moderately inclined undulating hills 
and includes the coastal escarpment, the incised waterways and salt lakes, and the 
granite outcrops.  About another one-third of the landscape adjacent to these areas 
are very gently inclined shedding landscapes.  The other half of the area contains 
receiving landscapes of level plains (Table 4, Figure 9). 
Table 4. Slope classes 
Slope class Area (ha)* Area (%) 
0–  1 182,000 45 
1–  3 146,000 36 
3–  5 40,000 10 
5–10 24,000 6 
10+ 12,000 3 
Total 404,000 100 
* < 1 per cent of the study area is not covered by the digital elevation model and has not been analysed. 
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Figure 7. Dominant soil groups. 
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Figure 8. Soil-landscape subsystems. 
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Figure 9. Slope classes. 
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2.4 Hydrology 
2.4.1 Hydrogeology 
The hydrogeology of the area is significantly influenced by the basement topography 
(Berliat 1952) and overlying regolith characteristics which are products of the 
geological and geomorphological history.  In the weathered undulating basement and 
overlying sediments groundwater flow is typically sluggish.  Smaller, more responsive 
aquifers occur in areas of higher relief or deep sands. 
2.4.1.1 Regolith 
The regolith’s composition, thickness and ability to store and transmit water, along 
with the basement topography govern the movement of groundwater.  The regolith 
consists of Tertiary and Quaternary sediments and in-situ weathered basement rocks 
and has large variations in its composition and thickness (Figure 10). 
Groundwater occurs either directly above the underlying impervious basement rocks 
or is perched on sediments with low permeability.  The saturated thickness within the 
regolith materials is variable and ranges from a few metres to tens of metres. 
2.4.1.2 Aquifers  
Semi-confined and unconfined aquifers are present in the sediments and weathered 
basement rocks and are connected vertically (Short 2000).  In general, groundwater 
close to the surface (< 2 m) is unconfined and semi-confined at depth.  Localised 
perched aquifers commonly occur in areas of deep sands.  In the higher rainfall 
sandplain, perched aquifers can also occur within the Pallinup Siltstone Formation. 
The perched aquifers are discontinuous and the other aquifers are separated by the 
undulating basement topography, with basement highs and ridges forming barriers to 
groundwater flow (Short 2000).  Prior to clearing, most of the aquifers were isolated 
by these basement barriers (George 1982).  However, because of rises in 
groundwater levels since clearing, the watertable now forms an almost continuous 
surface (Figure 11) except in a few areas where elevated basement extends above 
the watertable and groundwater is absent (Johnson and Baddock 1998). 
Yield from the aquifers is variable and ranges from a few cubic metres per day 
(< 10 m3/day) in the localised perched aquifers, to more than 100 m3/day in the 
sedimentary and weathered basement rock aquifers (Baddock 1995).  Groundwater 
gradients are also very low with slopes of less than one per cent and are generally a 
subdued reflection of the surface topography (Berliat 1952). 
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Figure 10. Stratigraphy of bore holes in various soil-landscape systems. 
120
130
140
150
160
170
180
0 500 1000 1500 2000 2500 3000
Distance (m)
E
le
va
ti
o
n
 (
A
H
D
m
)
MONITORING
BORES
W21
C3
W20
W19 W18
W17 C1 C2
C4 B5
B7 B8
B9 B10
GROUNDWATER 
LEVEL
JANUARY 2006
GROUNDWATER 
SALINITY 
(mS/m)
3,200
3,000 2,800 2,700
2,300
1,600 1,800
2,000
4,400
1,900
1,300
BASEMENT
ROCK
W E
+
+
+
+
+
+
+
+
++
+ +
+
+ ++
+++
Dalyup
River
tributary
+
+
+
+
+ +
+
+ +
+
+
+ +
+
+
+
+
+
+ +
+
+ +
+
+
+
+
+
+
+
+
+
+
+
+
Vertical exaggeration x 50
GROUNDWATER 
LEVEL
1952
2,700
1,700
Figure 11. Hydrogeological cross-section of the undulating basement and continuous 
groundwater surface. 
ESPERANCE LAKES CATCHMENT APPRAISAL 
17
2.4.1.3 Groundwater flow systems 
In the study area there are local groundwater flow systems, where recharge and 
discharge of groundwater occurs within 1–3 km of each other, intermediate 
groundwater flow systems, which have a horizontal extent of 5–10 km and regional 
groundwater flow systems with extents of more than 50 km.  The larger groundwater 
flow systems can be overlain by the smaller systems.  For example, the localised, 
perched groundwater flow systems commonly overlie intermediate groundwater flow 
systems within the underlying sediments and weathered basement rocks (Figure 12). 
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Figure 12. Hydrogeological cross-section illustrating a local groundwater flow system 
overlying an intermediate groundwater flow system. 
Local groundwater flow systems are common, particularly in areas with shallow 
basement rock, deep sands and/or undulating landscapes.  In the steeper undulating 
areas with well-defined external drainage, groundwater flow systems tend to be local 
to intermediate in size, separated by the basement highs and ridges.  Within the 
flatter areas where drainage is poorly defined, the groundwater flow systems are 
generally intermediate to regional. 
Six of the Australian groundwater flow system models (Coram 1998) can be used to 
describe the groundwater discharge processes occurring in the area: 
  (i) Basement highs, local model (i) – discharge over lower hydraulic conductivity 
structures.  This process occurs where shallow basement impedes groundwater 
flow and commonly occurs on hillsides and flats adjacent to waterways, granite 
hills or shallow bedrock. 
 (ii) Local break of slope, local model (ii) – discharge from aquifers at the break of 
slope.  This process occurs where there is a sharp decrease in surface slope 
and the available area for groundwater to move through is too small to transmit 
the volume of water in the aquifer.  It occurs in the headwaters of the first order 
streams where groundwater converges. 
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(iii) Seepage from sediments, local model (v) – discharge controlled by stratigraphy.  
This process is common in the higher rainfall sandplain in steeper areas 
adjacent to the incised waterways and wetlands, where groundwater discharges 
from perched aquifers.  Groundwater seepage occurs where these perched 
sedimentary aquifers are exposed or terminate along a slope. 
(iv) Sandplain seep, local model (vi) – discharge from perched aquifers.  
Groundwater perched on the clay underneath the deep sands seeps out down 
slope where the sands thin out and clay is closer to the surface.  These seeps 
occur at the base of sand dunes and ridges in the southern and coastal parts of 
the area. 
 (v) Depressions, local model (viii) – discharge from low hydraulic conductivity 
aquifers.  Groundwater discharge occurs in low-lying areas where groundwater 
intercepts the local topographic lows, such as in the headwaters of the upper 
tributaries and saline playas. 
(vi) Unconfined valley floor, intermediate model (i) – capillary discharge from 
unconfined aquifers in valley floors.  Groundwater discharge occurs in low-lying 
areas as a result of gradual reductions in aquifer transmissivity.  This process 
occurs throughout the area where larger groundwater systems discharge along 
drainage lines and flats. 
2.4.1.4 Groundwater depth and quality 
The AgBores database has records of 410 groundwater monitoring bores within the 
study area (Figure 18) and 60 per cent of these have recent measurements of 
groundwater depth and salinity (DAFWA 2006c).  Depth to groundwater is variable, 
ranging from ground level to 18 m with a median depth of 2.4 m.  In the Esperance 
Sandplain Zone, the median groundwater depth is 2.1 m, with a maximum depth of 
18 m, while the maximum depth in the Salmon Gums Mallee Zone is less than 10 m 
and the median depth is 5.3 m (Table 5). 
Groundwater salinity increases away from the coast (Short 1997) with fresher water 
generally occurring south of Gibson (Berliat 1952) in the higher rainfall coastal and 
sandplain areas (Johnson and Baddock 1998).  Perched aquifers in the deep 
sand-sheets and the sediments also contain fresh to marginal quality water.b  The 
median groundwater salinities in the Esperance Sandplain Zone are lower than the 
Salmon Gums Mallee Zone, reflecting the differences in salt storage, rainfall, and soil 
type.  In general, the groundwater across the area is saline and has a median value 
of 1,700 mS/m, although it ranges from 75 to 20,000 mS/m (Table 5).
                                           
b  Electrical conductivity (mS/m) categories are:  < 90 (fresh); 90–270 (marginal); 270–900 (brackish);  
900–5,500 (saline); > 5,500 (highly saline); 5,300 (seawater). 
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Table 5. Groundwater depth and salinity (EC) in monitoring bores within the 
soil-landscape systems 
Depth to groundwater 
below ground level (m) Groundwater EC (mS/m) Soil-landscape
systems 
No. of 
bores
Min. Max. Median Min. Max. Median 
Esperance 
Sandplain Zone 207 0.0 17.9 2.1 75 20,000 1,500 
Condingup 2 2.7 4.2 3.5 NA* NA NA 
Esperance 163 0.1 17.9 2.4 75 14,000 1,400 
Gore 40 0.0 5.0 1.5 220 20,000 1,900 
Tooregullup 2 2.0 2.2 NA 750 11,000 NA 
Salmon Gums 
Mallee Zone 35 0.6 8.6 5.3 120 10,000 4,300 
Halbert 8 1.4 4.6 3.1 5,000 10,000 6,500 
Scaddan 27 0.6 8.6 6.0 120 10,000 3,500
* Data not available or calculation not applicable. 
2.4.2 Waterways and wetlands 
2.4.2.1 Waterways 
There are a number of river and creek systems throughout the study area and all 
drain in a southerly direction into coastal wetland systems at the bottom of each 
catchment (Figure 13, Table 6).  The only systems that have the potential to exit to 
the ocean are Barker Inlet and the Lake Warden Wetland System through Bandy 
Creek.
Most of the waterways are fed from surface water run-off from the surrounding 
catchment, with contributions from groundwater baseflow. Research has shown that 
the water in the Coramup and Bandy Creeks consists of up to 70 per cent 
groundwater and the remainder is surface water run-off.  Consequently, these creeks 
generally flow all year round (Marimuthu et al. 2005). 
Table 6. Main waterways (west to east) 
Waterway Catchment size (km2)
Area of 
catchment 
cleared (%)
Main
channel 
length (km) 
Average 
annual flow 
(ML)
Discharge point 
Coomalbidgup Creek 296 90 13 1,400 Barker Inlet 
Coobidge Creek 207 97 36 3,800 Lake Kubitch 
West Dalyup River 200 38 Unknown Dalyup River 
Dalyup River 760 
90
44 11,000 Lake Gore 
Kateup Creek 293 95 24 3,200 Lake Mortijinup 
Coramup Creek 395 90 36 5,500 Lake Wheatfield*
Bandy Creek 735 85 52 3,550 Ewans Lake* 
Neridup Creek 813 65 45 Unknown Ewans Lake* 
* Part of the Lake Warden Wetland System.  
Sources:  Gee and Simons (1997), Pen (1999) and Massenbauer (2006).  
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Figure 13. Waterways and wetlands. 
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2.4.2.2 Wetlands 
There is a broad range of distinct wetland types that have formed within the study 
area.  An evaluation by Ecologia Environmental Consultants (2000), and more 
recently by the Department of Water, identified 29 suites or groups of related 
wetlands, with some of these suites containing many individual wetlands.  Eleven 
suites have been assigned the highest ‘Conservation’ management category and 
include 2 suites that are internationally significant, Ramsar-listed sites (Appendix 2). 
In the evaluation, the relationship between soil-landscape systems and wetland 
suites was acknowledged, with the distribution of the suites linked to the main 
systems in the study area.   
The coastal Tooregullup System consists of sand dunes and swales.  Wetlands have 
formed in the swales resulting in many small dampland and sumpland systems.  The 
near coastal Gore System typically contains wetlands that have formed at the 
termination of waterways which have been blocked by coastal dune barriers.  It has a 
smaller number of suites but because of the extensive areas of dampland, 
sumplands and lakes, there are a large number of individual wetlands within these 
suites.  The Young System comprises deeply incised river valleys which are the 
catchment areas for wetlands in the Gore System.  Areas of alluvial floodplain occur 
and contain suites of salt lakes and paperbark swamps. 
The Esperance System contains the largest number of basin wetlands and while 
many of these wetlands are similar in shape and proximity, there is significant 
variation in salinity and hydrology, resulting in a corresponding large number of 
suites.  Wetlands in the Halbert System are typically chains of clay pan salt lakes or 
playas.  The Scaddan System also has clay pan wetlands as well as more defined 
basins that may be either open salt lakes or paperbark swamps. 
Appendix 2 has been derived from a coarse, regional evaluation and subsequent 
verification of some of these suites indicates that some of the areas mapped are 
incorrect, in either the extent of the wetland resource mapped or the type of resource 
captured.  Wetland evaluation at a finer detail for the Esperance area is ongoing. 
2.4.3 Water resources 
2.4.3.1 On-farm water resources 
Farm dams and rainwater tanks provide most of the water supply for livestock, 
spraying and domestic use.  Farm dams are mainly spread-bank (flat batter), square 
or gully wall dams, with improved catchments on some and most without any siltation 
control, such as silt pits or piped inlets.  In the Esperance, Gore and Tooregullup 
Systems, soaks and bores are also used (Coles 1998). 
There is an emergency farm water supply at Scaddan (Scaddan AA dam) which is 
small and needs upgrading.  In the 1980s, Shark Lake, which is 10 km north of 
Esperance, was used as an emergency farm water supply but because of its high 
conservation values, it is no longer appropriate to use this supply.  The only other 
emergency supply is Esperance scheme water. 
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2.4.3.2 Urban water resources 
The Esperance and Gibson groundwater areas are located within the study area.c
The public water supply for Esperance is drawn from a borefield administered by the 
Water Corporation.  These bores draw water from an extensive shallow unconfined 
aquifer within Quaternary coastal sediments underlying the town and extending 
20 km to the west.  The coastal aquifer supplies about 1.9 GL/year for the Esperance 
town supply (Department of Environment 2005).
The borefield is located within the proclaimed Esperance groundwater area within 
which the Department of Water (DoW) manages groundwater abstraction.  This 
groundwater area has been divided into 4 subareas for ease of management 
(Appendix 3) (Hart 1997).
The public water supply for Gibson is also drawn from a borefield administered by the 
Water Corporation.  Two bores draw water from the Bremer East superficial aquifer 
within the Werillup formation.  This localised groundwater supply yields 25 ML/year 
for town water supply (Water Corporation 2004).  The borefield is located within the 
proclaimed Gibson groundwater area and besides the Water Corporation, there is 
only one other licensee who abstracts 5,000 kL/year for bottled water.
2.5 Native vegetation 
2.5.1 Vegetation systems  
The 4 vegetation systems (Beard 1973) in the study area have distinct associations 
because of differing, soil type, topography and rainfall.  Prior to clearing, the 
Esperance System covered more than half of the area and the Ridley System 
covered about 20 per cent (Table 7, Figure 14). 
Table 7. Beard’s vegetation systems 
Vegetation system Area (ha) Area (%) 
Esperance 234,000 58 
Ridley 88,000 22 
Fanny Cove 69,000 17 
Lort 15,000 4 
Total 406,000 100 
                                           
c A groundwater area is an area proclaimed under the provisions of the Rights in Water and Irrigation Act 1914.
Proclamation authorises the licensing and management of groundwater abstraction to protect the resource for 
all users.  Groundwater area boundaries are based on the geological and hydrogeological characteristics of 
the area and water quality characteristics.   
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The vegetation systems and associations are summarised below: 
? Esperance System – a mosaic of vegetation types dominated by sandplain 
mallee heath (Eucalyptus tetragona).  On deep sands, shrub-heath (Banksia
speciosa) vegetation is present.  
? Ridley System – mallee associations of E. eremophila – E. oleosa, E. redunca –
E. uncinata, and E. forrestiana with a Melaleuca spp. understorey. 
? Fanny Cove System – shrub-heath of E. angulosa, Acacia cyclops and
B. speciosa.  Low woodlands of E. platypus var. heterophylla are present in 
depressions, while swamps support M. cuticularis.
? Lort System – mallee association dominated by E. eremophila with a Melaleuca
spp. understorey.
2.5.2 Remnant vegetation representation 
The study area has one-quarter of its original native vegetation cover remaining.
Ninety per cent of this vegetation occurs on lands managed by the State and local 
government and the remainder is fragmented over farmland (Figure 14). 
The native vegetation includes 48 species of Priority Flora and 2 species of Declared 
Rare Flora (DRF) (Table 14, Appendix 4, Table A4).  The high number of Priority 
Flora can be attributed to the transitional nature of soil-landscape systems from 
coastal to sandplain to mallee vegetation systems and extensive clearing.  There are 
also 4 Priority Ecological Communities (PEC), 3 of which are heavily cleared 
sandplain vegetation communities and the fourth is a Microbiolite community located 
on a wetland. 
Appendix 4, Table A5, contains a summary of vegetation types and their present 
cover.  A vegetation type is considered to be under-represented where this value is 
less than 25 per cent of its original distribution.  The following vegetation types are 
considered to be under-represented: 
? Tallerack mallee-heath – 8 per cent of an original 103,988 ha remaining. 
? Banskia scrub heath on sandplain – 13 per cent of an original 75,650 ha 
remaining. 
? Scrub heath – 5 per cent of an original 27,633 ha remaining. 
? Mallee scrub, black marlock – 19 per cent of an original 24,853 ha. 
? Mallee scrub, Eucalyptus eremophila and E. forrestiana – 12 per cent of an 
original 16,073 ha remaining. 
? Teatree scrub – 15 per cent of an original 3,690 ha remaining. 
2.5.3 Vegetation corridors 
The study area contains a number of vegetation corridors that form important wildlife 
links between Eucla, the Goldfields and the South West.  These include the South 
Coast Macro Corridor, the Esperance Mallee Corridor in the north-east and some 
unnamed corridors in the north (Wilkins et al. 2006) (Figure 14).
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Figure 14. Beard’s vegetation systems and current extent of native vegetation. 
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2.6 Land use 
Farmland accounts for more than 80 per cent of the land use in the study area 
(Table 8, Figure 15).  The 1,600 km of road consists of about 100 km of the South 
Coast Highway, 1,000 km of local roads and 500 km of minor roads and tracks.  The 
Esperance and Gibson townsites are within the area, as are the localities of 
Scaddan, Dalyup and Coomalbidgup.
Private plantation forestry including pine, blue gum, other hardwoods, and 
sandalwood, has been a recent major land use change with about 11,700 ha in the 
area (E English [South East Forestry Foundation] 2006 pers. comm. 21 November).
There are also sand and salt mining operations and 2 granite quarries. 
Table 8. Land use 
Land use Area (ha) Area (%) 
Farmland 335,200 83 
Reserves 54,000 13 
Plantation forestry 11,700 3 
Townsites* 5,100 1 
Total 406,000  100 
* Including Special Rural Zones. 
2.6.1 Land management initiatives 
The catchment of the Lake Warden Wetland System has been a Natural Diversity 
Recovery Catchment since 1997 (Government of Western Australia 1996a).
Department of Environment (2003) identified the catchment of the Lake Gore 
Wetland System as a potential future Natural Diversity Recovery Catchment under 
the State Salinity Strategy 2000.
The regional natural resource management group, the South Coast Regional 
Initiative Planning Team (SCRIPT), has identified the Lake Warden Catchment as a 
strategic catchment under the National Action Plan for Salinity and Water Quality 
(NAPSWQ) (SCRIPT 2005).  The catchment implementation plan being developed 
for SCRIPT and the NAPSWQ will form the first three years of on-ground actions for 
the 30-year catchment recovery plan. 
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Figure 15. Land use. 
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2.6.2 Demographics 
The Esperance Shire’s total resident population was about 13,300 in 2004 and most 
of the population is based in Esperance (Australian Bureau of Statistics 2006).  About 
half of the population was involved in the workforce and 20 per cent were employed 
in the agricultural, forestry and fisheries sectors (Figure 16).  Within the study area, 
about 5 per cent of the workforce is directly involved in the agricultural, forestry and 
fisheries sector.  A significant proportion of the town-based manufacturing and 
services industries rely on the outlying agricultural sector for business. 
* Trade, tourism, transport, business and personal services. 
Source:  Australian Bureau of Statistics (2006).  
Figure 16. Esperance regional workforce by industry in 2001. 
2.7 Agricultural production  
The statistics in this profile relate to the Esperance Shire. 
2.7.1 Commodity production 
Over the past 20 years there has been an increase in farm resources allocated to 
crops rather than to pastures (Figure 17) (Australian Bureau of Statistics 2002 and 
Department of Agriculture 2005a).  In the early 1980s the pasture area was almost 
double that sown to crops.  However, by 2003 the areas were almost the same 
throughout the Shire.  The increase in cropping area has been accompanied by a 
gradual increase in yield with productivity improving substantially more for canola and 
wheat than other crops (Table 9). 
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Agricultural land use for Esperance Shire
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Figure 17. Agricultural land use trends. 
Table 9. Annual increment in crop yields 
Commodity Wheat Barley Oats Lupins Canola 
Yield increase (%) 4.03 3.76 0.91 2.45 4.26 
The Shire’s gross value of agricultural production amounted to about $350m in
2003–04 (Table 10).  Given that the study area is about 80 per cent farmland and 
occupies about 30 per cent of the Shire’s farmland, the area’s gross agricultural 
production for 2003–04 is estimated at about $85m.
Historically, the area sown to wheat is generally greater than that planted to barley.
Canola production has increased substantially from negligible levels in the mid 1990s 
to now being a significant component of cropping programs for farms close to the 
coast.  Lupins reached a maximum area by the mid 1990s with a gradual decline 
over the past decade. 
In common with grain growing areas throughout most of Australia, the number of 
sheep in the Shire has declined substantially since the late 1980s.  However, sales of 
lambs have increased in the past ten years as the production focus shifted from wool 
to meat.  Along with this shift has been a change in the sheep flock structure and by 
the year 2000, more than 80 per cent of adult sheep were ewes.
Contrary to the sheep population, the cattle herd has doubled in size over the past 
two decades while overall stocking rate on pasture land has remained stable at about 
4 DSE/ha.  Thus there has been a trend for cropping and beef to replace the sheep 
industry in the district. 
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Table 10. Commodity production in 2003–04 
Commodity Area(‘000 ha) 
Production
(‘000 t) 
Number 
(‘000) 
Disposals 
(‘000) 
Value
($m) 
Wheat 251 528 – – 113 
Barley 223 496 – – 93 
Oats 11 16 – – 3 
Lupins 14 18 – – 4 
Canola 57 67 – – 25 
Cattle/calves – – 121 53 31 
Sheep/lambs – – 1,415 804 28 
Wool – 8.7 – – 42 
Other     18 
Total 556    357 
Source:  Department of Agriculture (2005a). 
2.7.2 Productivity 
Across Australia over the past two decades, productivity in terms of output produced 
per unit of inputs has improved by 3.3 per cent and 2.5 per cent on cropping 
specialist and mixed cropping/livestock farms respectively (Productivity Commission 
2005).  This productivity increase has compensated for the declining trend to farmer’s 
terms of trade (ratio of prices received to prices paid).  Along with this trend, the 
number of farms has declined at an average annual rate of around 1 per cent while 
farm size has increased.  There has been an accompanying 60 per cent increase to 
the volume of national agricultural output.
At least in terms of productivity, farms in the Esperance Shire are likely to have 
experienced similar trends.  The average farm area was around 2,100 ha in the early 
1980s and the number of farms was about 530.  In 2003, the average farm was 
2,900 ha, and there were 410 separate farm businesses operating over a total of 
1.16 million ha, which is about 40 per cent of the Shire (Department of Agriculture 
2005a).  Within the study area there are more than 100 farm enterprises as well as 
about 400 small (1–500 ha) landholdings. 
Rotational gross margins, along with results from the MIDAS model (Department of 
Agriculture 2005b), are a guide to the likely profitability that can be expected from the 
various soil types.  The calcareous loamy earths produce the highest yields for the 
common rotations of most crops, while the saline wet soils produce the lowest 
(Table 11). 
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Table 11. Crop yields (t/ha)*# 
Soil type Soil code Wheat Barley Canola Lupins 
Grey deep sandy duplex S1 2.35–2.94 2.68–3.37 1.28 1.28 
Grey shallow sandy duplex 
and calcareous shallow sand  
S2 1.28–1.61 1.71–2.03 1.28 0.96 
Alkaline sandy duplex  S3 2.03–2.51 2.35–3.00 1.61 1.93 
Calcareous loamy earths  S4 2.57–3.10 2.89–3.64 1.93 0.86 
Saline wet soils S6 0.96–1.18 1.39–1.82 0.64 NA 
* Based on 107 per cent of the maximum yields from Department of Agriculture (2005b).  
# Depending on rotation. 
Table 12 shows potential gross margins (GM) for a typical farm that has the same 
ratio of areas of different soil types as is distributed over the Shire, with a sheep 
enterprise using pasture.  This measure of the productive capacity of farm resources 
indicates a maximum rotational gross margin of about $150/ha, based on price levels 
in 2005.  However, using the 5–year average grain prices, the rotational gross margin 
can approach $280/ha.
Table 12. Rotation options for a representative farm  
Soil code Area (ha) Options* 
S1 1,572 PPWB BLWB WPNB PWPB PPPB WLWB 
S2 180 PPPB PPNB PPPW PPWB PPPW WPNB 
S3 693 BLWB WPNB WLWB PPNB PPPW PWPB 
S4 125 WPNB PPNB PWNB PPWB PPPB BLWB 
S6 90 PPPB PPPW PPWB PWPB PPPB PPNB 
GM, $/ha#  147 147 133 125 109 117 
GM, $/ha+  262 280 225 216 237 146 
* P = pasture; W = wheat; B = barley; N = canola. 
# 2005 prices. 
+ 5–year average prices. 
Sources:  Department of Agriculture (2005b, 2005c). 
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3. Resource condition and future risk 
3.1 Climate change impacts 
In recent decades, significant changes to global climate have been observed, with 
links to global warming.  These changes continue to develop in directions consistent 
with human-induced changes in composition of the atmosphere.  At more than 375 
parts per million, carbon dioxide concentrations are now well above levels believed to 
have occurred at any time in the past 400,000 years (IOCI 2005a). 
In WA, the most notable impacts have been in the south-west.  The Indian Ocean 
Climate Initiative (IOCI) concluded that both natural climate variability and the 
enhanced greenhouse gas effect have contributed to a decrease of about 10 per cent 
in rainfall since the mid–1970s (IOCI 2005b) and a 0.8°C increase in temperature 
since 1910 (IOCI 2005c).
In the Esperance region the changes are less profound.  Comparing average rainfall 
in the last 30 years with that experienced in the previous 50 reveals that: 
? Average annual rainfall is either static or showing moderate increases, with a 
tendency for increasing rainfall with increasing distance from the coast.  These 
increases are primarily because of increased late spring–summer rainfall. 
? There have been minimal changes in growing season rainfall (May–October).
Rainfall is generally higher in May but lower in April, implying a better but 
delayed start to the season.  Finishing rainfall in October is generally less, while 
November rainfall is generally more, making harvest more difficult. 
In the future, WA is expected to become warmer and drier (Foster 2002).  Warming is 
likely to be greatest in spring and least in winter, and affect daily maximum and 
minimum temperatures.  Average annual temperatures are expected to rise by up to 
2?C by 2030 and up to 6?C by 2070, with slightly less warming in coastal regions.  
Rainfall is predicted to decline from autumn to spring by up to 20 per cent.  Moisture 
availability in the soil is expected to decrease, potentially affecting plant growth and 
surface water run-off.
Implications from these projections include: 
? the growing season may start later and finish sooner; 
? daily rainfall events may become more intense, increasing episodic recharge; 
? the period between rain events may increase, leading to the need for enhanced 
run-off generation systems, such as roaded catchments, and additional storage; 
? more frequent temperature extremes. 
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3.2 Land management hazards 
Management practice is the major factor in avoiding soil decline; however, the soils of 
the study area have inherent characteristics that predispose them to certain land 
management hazards.  These hazards are based on the attribution of soil-landscape 
mapping according to Statewide standard methodology (van Gool et al. 2005).  Land 
qualities are attributed to soil and map units to assist in identifying management, 
conservation and degradation issues.   
There are 6 main land management hazards in the study area and the most 
widespread are water repellence, wind erosion and subsurface acidity.
3.2.1 Water repellence 
? Nearly three–quarters of the area has a high or moderate risk of developing 
water repellence.
? Soil groups most at risk are Pale deep sands and Grey deep and shallow sandy 
duplex soils.
? Main soil-landscape systems affected are Esperance, Gore and Tooregullup. 
? Risk factors are sandy topsoils with less than 5 per cent clay content.
3.2.2 Wind erosion 
? Two–thirds of the area has a high risk of wind erosion.
? Soil groups most at risk are Pale deep sands, Grey shallow and deep sandy 
duplex soils and Calcareous loamy earths. 
? Main soil-landscape systems affected are Esperance, Gore and Tooregullup. 
? Risk factors are loose sandy topsoils with less than 5 per cent clay content. 
3.2.3 Subsurface acidity 
? Half of the area has a high risk of subsurface acidity.
? Soil groups most at risk are duplex soils in coastal parts.
? Esperance and Gore soil-landscape systems are most at risk.  
? Risk factors are soils with low buffering capacity, which are generally sandy 
soils.
3.2.4 Subsoil compaction 
? Three–quarters of the area has a moderate risk of subsoil compaction.  
? Soil groups most at risk are Deep sandy duplex soils and Pale deep sands.  
? The Esperance soil-landscape system is most at risk.  
? Risk factors are soils with sandy subsurface horizons immediately below the 
topsoil.
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3.2.5 Waterlogging 
? One–fifth of the area has a moderate risk of waterlogging.
? Soil groups most at risk are the duplex soils near the coast.
? The Esperance and Gore soil-landscape systems are most at risk.  
? Risk factors are soils with clayey subsurface horizons immediately below the 
topsoil.
3.2.6 Acid sulfate soils  
Acid sulfate soils (ASS) contain sulfide minerals, predominantly iron pyrite, and are 
formed by bacteria under waterlogged conditions.  They are generally found in 
low-lying areas near the sea, such as coastal wetlands and estuaries, and wetlands 
that maintain their water and obtain sulfate from groundwater flow or coastal saline 
lakes.  The soil-landscape systems that have the highest probability of having ASS 
are the Gore System with its coastal plains with saline lakes, and the Tooregullup 
Subsystem To5 with the level plain and occasional swamps.
Undisturbed, these soils are harmless, but when they are exposed to air through 
practices such as drainage, soaks, groundwater extraction, and by stock pugging the 
soil, the sulfides oxidise to form sulfuric acid.  Soils with high levels of carbonate are 
better able to neutralise the acidity compared to sands which have a low acid 
neutralising capacity.
The potential impacts on agriculture caused by the exposure of ASS include 
production losses and animal health issues.  Under acidic conditions nutrients 
become less available to plants and potentially toxic substances, such as aluminium 
and iron, become more available.  Stock may also consume toxic substances through 
pasture or drinking acidic water.  
Disturbed ASS may also corrode concrete, iron, steel and certain aluminium alloys 
which results in damage to infrastructure.  Impacts on the environment include fish 
kills, fish disease, loss of macroinvertebrates, reduced growth of molluscs such as 
oysters, loss of habitat, and dominance of acid-tolerant water plants.
3.3 Hydrological risk 
3.3.1 Shallow watertables and salinity 
This section illustrates how changes within the components of the water balance 
resulting from clearing are affecting groundwater levels and the development of 
secondary salinity.  These changes, particularly the lower rates of evapotranspiration 
and subsequent higher rates of groundwater recharge, are increasing groundwater 
storage and discharge, causing groundwater levels to rise and secondary salinity to 
develop.
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3.3.1.1 Groundwater trends and the risk of shallow watertables 
The AgBores database has 208 monitoring bores in the study area, with adequate 
long-term (> 5 years) records to analyse trends in groundwater levels (DAFWA 
2006c).  Groundwater levels in nearly half of the bores analysed using HARTT 
(Ferdowsian 2001) are showing rising trends ranging from 0.03 to 0.25 m/yr, and the 
remainder are showing fluctuating or declining trends (< 0.03 m/yr). 
The bores with rising groundwater levels are either rising linearly (Figure 18.  Bore 
hydrographs AG2, AG23 and AG24) or incrementally (Figure 18.  Bore hydrographs 
AG13, AG22 and GS5).  Those with linear rises are all situated in the southern part of 
the Esperance Sandplain Zone in areas of deep sediments with groundwater levels 
deeper than 5 m.  The bores with groundwater levels rising incrementally are all 
situated in the Salmon Gums Mallee Zone, where incremental increases in 
groundwater levels occur episodically because of above average rainfall, such as in 
1999, 2000, and 2005. 
Bores showing a fluctuating or declining trend in groundwater levels are located 
throughout the entire area.  These bores have either shallow (2–3 m) groundwater 
levels that fluctuate seasonally (Figure 18.  Bore hydrographs GS7 and GS8) or 
slightly deeper (~5 m) groundwater that fluctuates in response to annual and episodic 
rainfall (Figure 18.  Bore hydrographs AG17, CC5, GS10 and GS20).  Groundwater 
levels in the latter bores rise or decline over a number of concurrent years rather than 
seasonally.  Declining groundwater levels are related to reduced recharge as a result 
of below average rainfall (e.g. 1994–98, 2002) or in some cases, increased soil water 
use by woody or herbaceous perennial plants. 
The National Land and Water Resource Audit (NLWRA) assessed the 'risk of shallow 
watertables' using groundwater depth and trend data in the soil-landscape systems 
(Short and McConnell 2001).  This methodology was repeated for 7 of the 10 
systems in the area and all of these were considered to have either a moderate or 
high risk of shallow watertables (Simons and Alderman 2004).d  This temporal risk 
assessment refers to the inherent risk based on groundwater depth and trends, not 
the actual spatial extent of shallow watertables.  Therefore, it needs to be combined 
with other spatial hazard data, such as ‘low-lying areas’, to provide a spatial context. 
                                           
d  NLWRA risk categories: 
  High – depth to groundwater < 2 m, or 2–5 m and rising. 
  Moderate – depth to groundwater 2–5 m and static, or > 5 m and rising. 
  Low – depth to groundwater > 5 m and static. 
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3.3.1.2 Extent of salt-affected land (1988–2003)
Over the last 15 years there have been a number of landholder surveys conducted in 
the study area to determine the extent of salt-affected land.  In 1991 landholders in 
the Coobidge Creek Catchment mapped 3.9 per cent of agricultural land and 1.6 per 
cent of the drainage lines as salt-affected (Read 1991).  In 1999–2000 landholders 
mapped 6.3 per cent of the Dalyup River Catchment as salt-affected (Agriculture 
Western Australia 2000).  In 2003 landholders in the Lake Warden catchments 
mapped 5.3 per cent of agricultural land as salt-affected. 
The Land Monitor Project (Meston 2001) used satellite data to map areas of 
salt-affected land based on areas of consistently low productivity in consecutive 
spring satellite (Landsat TM) scenes (Figure 18).  The map represents only the 
severely salt-affected areas that have been consistently degraded and have low 
vegetative cover.  Salt-affected land with dense vegetative cover in spring is not 
mapped using this technique. 
The Land Monitor Project mapped 3 per cent of the study area as salt-affected 
(Table 13).e  Nearly half occurs in the Halbert System and is associated with the 
primary saline playas and the secondary salinity that is expanding out from them.
Another one–third occurs in the Esperance System where salinity is expanding out 
from the primary saline tributaries in the middle and upper catchment areas.
Secondary salinity has also developed in areas with shallow basement rock where 
groundwater storage within the localised aquifers has already been exceeded. 
Table 13. Area and proportion of salt-affected land and low-lying areas 
Area Salt-affected 
Proportion
of total salt-
affected area
Low-lying
(0–0.5 m) 
Low-lying 
(0–2 m) 
Proportion
of total low-
lying area 
(0–2 m) 
Soil-
landscape 
system 
(ha) (ha) (%) (%) ha (%) ha (%) (%) 
Halbert 49,000 5,600 11 45 6,200 (15) 13,900 (30) 10 
Esperance 203,000 4,500 2 35 44,400 (25) 89,900 (50) 63 
Gore 23,000 970 4 10 NA* NA 2 
Scaddan 79,000 700 < 1 5 14,800 (20) 32,300 (40) 23 
Tooregullup 30,000 10  2 5 NA NA < 1 
Young 9,500 100 1 < 1 1,100 (10) 2,400 (35) 2 
Condingup 6,000 20 < 1 < 1 NA NA < 1 
Other 6,500 10 < 1 < 1 100  (2) 200   (3) < 1 
Total 406,000 12,500 3 100 69,000 (20) 143,000 (42) 100 
* Not applicable as more than two-thirds of the total area of the system was not analysed. 
                                           
e Extent of salt-affected land was calculated by combining the Land Monitor Projects’ October 1988 and 
September 1999 data (Landsat scene 108–083).  In a sample area, salinity mapping accuracy is estimated to 
be 63 per cent of the salt-affected land evident in 1997 aerial photography being actually mapped.  Details and 
accuracy statements of the data sets can be found in Meston (2001). 
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3.3.1.3 Low-lying areas with the potential for shallow watertables 
The Land Monitor Project (Dunne et al. 2001) used a digital elevation model to derive 
‘height above flowpaths’ in order to map low-lying areas.f  In wetter years the 
low-lying areas are at risk of flooding, inundation and waterlogging and, where 
groundwater levels are rising, indicate areas with a potential to develop shallow 
watertables.  The low-lying areas with shallow watertables may not develop bare 
saline scalds because of soil and aquifer properties, but crop yields are likely to be 
reduced.
Eighty–four per cent of the study area was analysed, with native vegetation in coastal 
areas being excluded.  More than 40 per cent is low-lying (0.0–2.0 m above the 
flowpath), which is considered a worst case scenario (Table 13).  The size of this 
area is comparable with results of hydrological (FLOWTUBE and HARSD) modelling 
for the Lake Warden catchments undertaken by CSIRO, which indicates that 45 per 
cent of those catchments are at risk of developing shallow watertables within 50 
years (NLWRA 2001).  Twenty per cent of the area analysed is within the 0.0–0.5 m 
height above flowpath and this increment provides a good spatial representation of 
low-lying areas that are currently at threat from various hydrological hazards 
(Figure 18). 
The degradation hazards occurring within the low-lying areas vary between 
soil-landscape systems.  Almost two–thirds of the low-lying areas occur in the 
Esperance System and most of these areas have the potential to develop shallow 
watertables.  Currently these areas are affected by several degradation hazards 
including flooding, inundation, waterlogging and in some areas, secondary salinity.
One–quarter of the low-lying areas occurs in the Scaddan System and represents 
areas that flood and inundate after significant rainfall.  Low-lying areas in the Halbert 
and Young Systems are generally restricted to the wetlands and waterways where 
intrusions and baseflows of saline groundwater are currently causing secondary 
salinity to develop. 
3.3.1.4 Salinity hazard rating and timing  
The area is considered to have a moderate to extreme salinity hazard rating based 
on recharge rate, groundwater level rise, salt store and time until groundwater 
equilibrium is reached (Government of Western Australia 1996b).  The time until 
potential salinity fully develops is 25–70 years in the Esperance Sandplain Zone and 
more than 70 years in the Salmon Gums Mallee Zone (George et al. 2005).  The 
timing of salinity was based on the average depth to groundwater and rate of rise 
which is dependent on regolith characteristics, land use and time since clearing. 
                                           
f  ‘Height above flowpath’ is a measurement of the vertical elevation from the flowpaths, which are 
areas where water flow accumulation is high (not just creeklines).  Once the flowpath is defined, an 
area within a discrete (0.0–2.0 m) height class above the flowpath can be identified.  These are the 
low-lying areas.
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3.3.2 Waterways and wetlands 
3.3.2.1 Waterway condition 
All of the waterways have been impacted upon by changing water quality through 
increased salinity, sedimentation and eutrophication as a result of clearing, and 
degradation of fringing vegetation through rising groundwater, waterlogging and 
salinisation coupled with grazing by stock. 
The condition of the riparian vegetation along the main channel of all the waterways 
is generally classed as poor.  The Dalyup and West Dalyup River systems are 
degraded for most of their length and at high risk of on-going erosion, especially 
during large flood events (Water and Rivers Commission 2002).  The riparian areas 
along the Kateup Creek appear fragmented with some reaches having good 
vegetation cover and others showing signs of significant bed and bank erosion and 
corresponding sedimentation. 
The Bandy and Coramup Creek catchments suffered substantial erosion during the 
1999 and 2000 summer floods particularly where natural vegetation had been 
degraded.  Chapman (2006) assessed 65 per cent of the Bandy Creek channel as 
being degraded with the lower parts of the creek having significant portions of 
riparian vegetation.
There are stream gauging stations on the Coramup and Bandy Creeks, and the 
Dalyup and West Dalyup Rivers but none have enough years of data to substantiate 
any trends in nutrients, salinity and flow. 
3.3.2.2 Wetland condition 
A current assessment of the condition of wetlands within the study area has not been 
undertaken because of the large number of suites and individual wetlands.  Some 
water quality and biological data exists from wetland monitoring; however, long term 
data is only available for a small number of sites and suites.  A number of sites have 
been recently established for monitoring. 
Ecologia Environmental Consultants (2000) conducted a broad assessment of 
wetland condition largely based upon condition and extent of fringing vegetation and 
therefore, most of the wetlands contained within nature reserves were considered to 
be in good condition.  However, there are other criteria, such as water quality and 
hydrological condition, that should be also considered.  For instance, both the Lake 
Warden and Lake Gore systems have degraded water quality and disturbed 
hydrology, so their overall condition may actually rate as less than good even though 
they have fringing vegetation in good health.  
The wetland suites that have been assigned a Conservation management category 
are typically those that are within significant stands of remnant vegetation and are 
deemed to be in best condition.  Analysis of aerial photography also shows that other 
wetlands should be included in this list because of the proximity of remnant 
vegetation.  However, these sites are likely to be under a higher level of threat 
because the integrity of the buffering vegetation is not protected within a reserve 
system.  These sites are:  Coobidge Creek suite, southern extent of Bostock suite, 
Warrawoona suite, Caitup suite and Baylemup Lake suite. 
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3.3.2.3 Future risk to wetlands 
There are a range of threats facing the wetlands and many of these are linked to 
altered hydrology of the catchments.  Therefore, it is likely that all suites in the study 
area will be impacted to some degree by changes in hydrology as a result of clearing, 
with the possible exception of the Truslove suite which is contained within a 
significant area of remnant vegetation. 
These hydrological changes are directly related to excess ground or surface water 
and include: 
? salinisation from rising saline groundwater; 
? excessive inundation from rising groundwater; 
? salinisation from increased surface runoff and high groundwater levels in upper 
catchment areas; 
? excessive inundation from increased surface runoff; 
? eutrophication and sedimentation from increased surface runoff. 
Other threats include inappropriate recreational use, fire, further clearing, livestock 
grazing and weeds. 
3.3.3 Water resources 
3.3.3.1 On-farm water resources 
Depending on the position in the landscape and design of the dam structure, farm 
water supplies may be at risk from salinisation, eutrophication, siltation and 
significant evaporation losses.  Soaks are becoming increasingly saline and 
nutrient-enriched and therefore have a reduced value for water use (Coles 1998).
Harvesting water from natural catchments is unreliable in the sandplain systems 
because of the sandy topsoils, and in the Halbert System where there are shallow 
watertables, obtaining a suitable dam depth is difficult. 
Increased cropping activity has decreased the reliability of high-grade domestic water 
supplies.  Crop spraying uses a significant proportion of the domestic rainwater at the 
beginning of the growing season, before tank capacities have recovered from the 
summer-autumn demand.
3.3.3.2 Urban water resources 
In 2004, the Department of Environment (now Department of Water) surveyed the 
Esperance and Gibson groundwater areas to review current water allocations 
because a number of the subareas were either nearly or fully allocated.  The greatest 
pressure within the Esperance groundwater area (EGA) is from water abstraction in 
the Town and Twilight subareas for town water supply and for uses such as irrigation 
of ovals and parks.  The allocation limits for these subareas are 97 and 95 per cent 
allocated respectively.  The Water Corporation plans to expand the town water 
supply borefield into the Butty subarea where more water is available for use. 
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The main agricultural areas within the EGA are located within the Warden subarea, in 
which there has recently been an increase in groundwater licence applications.  This 
increase is currently managed by the existing water allocation for the resource, which 
is currently less than 30 per cent allocated (Department of Environment 2005).
Special Rural Zones are located across all subareas and there is an increasing 
demand for groundwater from these properties for small-scale agricultural and 
horticultural ventures.  Consequently, the Town and Twilight aquifer systems are 
approaching full allocation.  
The Gibson groundwater area is fully allocated so no more groundwater licences can 
be administered unless a review of the sustainable yield indicates more water is 
available.
Current threats to the groundwater resources of the Esperance and Gibson 
groundwater areas include: 
? climate change impacts, which predict declining rainfalls and consequently 
reduced aquifer recharge to groundwater resources; 
? acid sulphate soils in areas subject to inundation; 
? land development and increasing small scale agricultural activities, which pose 
potential threats through increased nutrients leaching into the groundwater 
resource;
? saltwater upconing and seawater intrusion associated with over-abstraction. 
3.4 Native vegetation risk 
Although the study area is 25 per cent vegetated, the farmland area is less than 
10 per cent vegetated.  Sixteen per cent of the farmland’s remnant vegetation is in 
low-lying areas.  This hazard is threatening one species of DRF and 11 species of 
Priority Flora.  There are 2 species of Priority Flora that are under immediate threat 
from shallow watertables (Table 14).  The following reserves may be affected by 
shallow watertables: 
? Shark Lake Nature Reserve – 77 per cent of 13 ha. 
? Nature Reserve 488867 – 31 per cent of 42 ha. 
? Speddingup East Nature Reserve – 24 per cent of 69 ha. 
? Burdett Nature Reserve (South) – 23 per cent of 5,347 ha. 
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Table 14. Priority Flora and DRF found in low-lying areas 
Species name Conservation status 
Number of 
populations
Populations
at immediate 
threat 
Populations
in low-lying 
areas
(0–0.5 m) 
Anigozanthos bicolor subsp. minor DRF – End 3 – 1 
Coleanthera coelophylla P1 1 – 1 
Angasomyrtus salina P2 4 – 1 
Daviesia pauciflora P2 2 – 2 
Eucalyptus misella P3 2 – 1 
Eucalyptus varia subsp. salsuginosa P3 14 3 5 
Isopogon alcicornis P3 6 1 1 
Melaleuca dempta ms P3 7 – 2 
Acacia aemula subsp. aemula P4 2 – 1 
Grevillea baxteri P4 8 – 1 
Melaleuca fissurata P4 2 – 1 
Pimelea physodes P4 1 – 1 
Source:  Department of Conservation and Land Management (2005), Meston (2001) and Dunne et al. (2001). 
Since the Land Monitor Project data did not extend along the coastal reserve of the 
study area, groundwater and lake depth data, digital elevation models and 
multi-spectral vegetation condition change data were used to summarise current and 
potential threat of shallow watertables impacting on the Lake Warden and Lake Gore 
Nature Reserves. 
Currently 70 per cent of the Lake Gore Nature Reserve is degraded and continuing to 
degrade because of shallow watertables.  Up to 90 per cent of the reserve is at risk 
from rising shallow watertables and inundation.  Walshe et al. (2005) identified the 
Lake Gore wetlands and low-lying vegetation systems as a Tier One State 
biodiversity asset at risk from salinity. 
Sixty per cent of the Esperance Lakes Nature Reserve, which contains Lake Warden, 
Woody Lake, Mullet Lake, and Pink Lake Reserves, are currently being degraded by 
shallow watertables and inundation.  This impact may increase to 75 per cent of the 
total reserves area.
Very little data is available for risk analysis on the Mortijinup Lakes Nature Reserve 
other than like the Lake Gore and Lake Warden Wetland Systems, the reserve 
occurs in the Gore System which has a very high shallow watertable hazard. 
There are 2 PEC’s at risk from shallow watertables.  PEC Site PINKLK01, located on 
Pink Lake, is at immediate risk from shallow watertables and Site 1A, which is 
located in the mid Coramup Creek subcatchment, is in a low-lying area with the 
potential to develop shallow watertables. 
The habitat connectivity of the South Coast Macro Corridor is also at immediate 
threat from the impacts of salinity. 
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Important conservation values, such as migratory waterbirds and unusual aquatic 
invertebrate assemblages, use the myriad of saline wetland systems distributed 
throughout the study area and rely on good native vegetation condition, water quality 
and quantity.  The altered hydrology and associated impacts brought about by land 
development threaten the condition of these values.  Off-site impacts from land 
development need to be carefully managed if these biodiversity values are to be 
maintained and where possible, recovered. 
Apart from the normal diseases associated with crops and livestock that can reduce 
productivity and profitability, there are consequences from the broader scale risks of 
dryland salinity and reductions to biodiversity.  Economic losses resulting from the 
latter occur with the degrading of environmental support underpinning agricultural 
production.  This damage is likely to require increasing inputs to compensate for loss 
of environmental capital.
3.5 Risks to agricultural production 
George et al. (2005) estimates that for the Esperance Sandplain, 60,000 ha of 
agricultural land is currently affected by dryland salinity and there is potential for 
about 277,000 ha being degraded to some extent.  Fortunately, remedial actions in 
the form of recovery, containment and adaptation can be applied to nearly
three–quarters of this area which could provide a total financial benefit (gross present 
value) of $56.4m (George et al. 2005).  Extrapolating these estimates to the study 
area suggests that almost 100,000 ha could be addressed with potential benefits of 
almost $25m in agricultural production.  However, after accounting for the cost of 
implementing these measures, the net benefit will likely be less than $20m. 
The risks associated with climate change are as yet indeterminable.  But in view of 
the possible implications for lower winter rainfall and a likely increase to summer 
rainfall in the future, this issue needs further investigation. 
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4. Management options 
This section sets out options for managing land and water hazards.  Factors such as 
soil type, annual rainfall, enterprise mix and financial structure will determine the 
most suitable approach for a farm business. 
4.1 Land management 
In the Esperance Lakes catchments, the majority of soil types are duplexes:  Sand 
over gravel over a hardsetting clay, or sand over clay.  Table 15 lists options for 
managing common land management hazards in the major soil groups. 
Sandy topsoils are at risk of wind erosion if paddocks are over-grazed or cultivated.
Water erosion on slopes can also occur.  Maintaining at least 50 per cent ground 
cover of senesced plant residue will reduce the risk of erosion over the summer 
period.  Stubble retention will maintain cover on cropped paddocks that are used 
over the summer period. 
Sandy topsoils are also often non-wetting and acidic.  Claying the deeper sands to 
ameliorate water repellence can increase seed germination in subsequent crops and 
pastures.  However, it is costly at around $250/ha or more if clay needs to be carted 
from a distance.  Claying can also provide some protection from wind erosion.   
Many pale deep sands exhibit limited ability to retain nutrients, making them low 
yielding for cropping and they produce very poor annual pastures.  These areas are 
therefore reserved for pastures and the majority of these are volunteer annual plants.
These soils often contain fresh water within the root zone of deep-rooted perennial 
pastures (out of reach of annual plants), which has lead to a great uptake of summer 
active perennial pastures on these areas.
The northern section of the study area covers the transitional zone between the 
sandplain and the mallee districts.  Within this area, the topsoil pH in an individual 
paddock can range from 4.8 to 8.1.  For pasture legumes grown in these paddocks, a 
mix of acid and alkaline tolerant varieties can allow full cover and production.  Across 
the entire study area, subsurface acidity is being seen with pH as low as 4.2 and 
liming is recommended, although often an agronomic response is difficult to detect.  
Subsoil compaction is a management issue and while a response to deep ripping on 
the sandplain can be observed, a consistent economic return may not be.  Ripping is 
not a common practice because of the risk of erosion of sandy topsoils. 
Boron toxic soils are associated with alkaline duplex soils and the best management 
of these soils is to use crops and pasture varieties that are boron tolerant. 
Saline areas cannot be ameliorated and must be managed using best practice 
measures to maximise production and long-term sustainability.  Saline tolerant 
perennial pastures and trees can be sown on the affected area, and on the adjoining 
areas, deep-rooted, mildly saline tolerant perennials can be sown to help contain the 
saline area.
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The best way to manage acid sulfate soils is to avoid disturbing or draining them 
because they are harmless when covered by water.  If soils have been exposed, 
agricultural lime can be used to increase the pH of affected soils.  If the soils have 
been exposed through drainage, the soils could be recovered with water.  This 
practice requires careful design to avoid waterlogging and other problems.  If 
drainage is to be installed, wide, shallow drains that allow surface water to drain 
away while not exposing pyrites should be used rather than deep drains. 
Table 15. Land management hazards and options for the major soil groups 
Land management hazard 
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Management options 
Non-wetting topsoil ? ? ?
High risk of leaching mobile 
nutrients (e.g. nitrogen) ? ? ? ?
Clay to ameliorate water 
repellence and improve nutrient 
holding capacity. 
Risk of wind erosion where 
surface is sandy ? ? ? ? ? ?
Risk of water erosion on 
slopes  ? ? ? ? ? ?
Maintain at least 50% plant 
residue cover. 
Moderate risk of topsoil and 
subsoil acidification ? ? ?
Monitor pH of topsoil and 
subsoil (10–25 cm) and apply 
lime as required. 
Risk of sealing and hardsetting 
where subsoil brought to the 
surface    ?   
Ameliorate surface sealing and 
hardsetting by applying gypsum. 
Maintain soil structure by 
avoiding deep cultivation. 
Rooting depth restricted by 
dense subsoil to cracks and 
old root channels 
? ? ?
Deep ripping being investigated; 
may result in soil structure 
decline. 
High boron levels in subsoil   ? ? ? Use boron tolerant varieties. 
Saline subsoil limits moisture 
use of plants ? ? ?
Use salt tolerant plants in worst 
areas. 
High risk of salinity in low-lying 
flat areas (long term) ? ? ?
Use salt tolerant plants. 
Waterlogging ? ? ? Engineering options, e.g. banks and shallow relief drains. 
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4.2 Water management 
4.2.1 Groundwater 
Salinity is managed by reducing recharge to groundwater, increasing groundwater 
discharge and making productive use of salt-affected land.  The success of any 
management option is dependent upon whether it considers the size and 
characteristics of the contributing groundwater flow system. 
4.2.1.1 Recharge management and hydrologically responsive landscapes 
Recharge can be reduced when annual plants are replaced by herbaceous and 
woody perennials.  The area of perennials required to impact on the extent of salinity 
differs between landscapes.  Most landscapes in the study area are relatively flat and 
have low groundwater gradients and hydraulic conductivities which limit their 
hydrologic responsiveness.  These flatter areas require considerable recharge 
reductions over large areas to have a significant impact on the eventual extent of 
salinity (Simons and Alderman 2004).  However, areas with deep sands, and 
undulating landscapes with gradients between 2.5 and 4 per cent or greater (George 
and Bennett 2004), such as areas adjacent to the incised waterways, are 
hydrologically responsive to reductions in recharge over smaller areas (Figure 19). 
There is a perennial plant option for all soil types and all rainfall zones in the study 
area.  A phase-farming system with lucerne (minimum rainfall 250 mm) for 3 years 
followed by 2–6 years of cropping (depending on landscape position) is possible.  
Also, those areas receiving more than 400 mm rainfall are suitable for permanent 
perenniality with sub-tropical perennial grasses, such as kikuyu and rhodes grass. 
4.2.1.2 Discharge management  
The effectiveness of groundwater drainage is limited because the ability of the 
aquifers and subsoils to transmit water is minimal.  However, to protect or recover 
priority resources, such as infrastructure and high value conservation areas, 
intervention using engineering may need to be considered. 
It is important to note that an owner or occupier of land intending to drain or pump 
groundwater for the purpose of controlling salinity, is required to lodge a Notice of 
Intent with the Commissioner of Soil and Land Conservation at least 90 days before 
commencement of drainage or pumping. Landholders carrying out drainage activities 
should also be aware of their duty of care to those who may be affected by their 
actions and should consult with these persons and avoid causing damage to their 
properties.
4.2.1.3 Productive use of salt-affected land 
Productively using salt-affected land is technically feasible, particularly on the sandy 
soils, as the accumulated surface salts are readily leached by rainfall.  However, it 
may be more difficult in the northern parts of the study area where the shallow 
groundwater is generally highly saline and moderately acidic. 
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Figure 19. Potential hydrologically responsive landscapes. 
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4.2.2 Surface water management  
Water management should focus on reducing surface water flow with good land 
management practices, and managing the remaining flow with earthworks.
Non-engineering practices that reduce surface flows and prevent soil erosion include: 
? maintaining a suitable vegetative cover all year round to reduce surface water 
run-off;
? working to the contour, and as far as possible, avoid working directly up and 
down steep slopes; 
? minimising soil cultivation by using techniques such as no-till or direct drill; 
? establishing perennial pastures; 
? protecting remnant vegetation; 
? not clearing very steep areas, such as breakaways and rocky ridges, or 
revegetating where soil erosion has occurred. 
4.2.2.1 Surface water engineering for shedding landscapes 
Surface water engineering can control water erosion by intercepting, diverting or 
slowing run-off rather than permitting it to flow uninterrupted down the slope.  Grade 
banks are placed in the mid-slope and upper water shedding landscape areas.  The 
grey sandy duplex soils are suitable for grade and interceptor banks to harvest good 
quality water.  Dams can, in addition to storing water, provide some ‘buffering’ or 
retention of surface water flow if grade banks are linked into them. 
4.2.2.2 Surface water engineering for receiving landscapes 
Within these landscapes, waterlogging can be alleviated by shallow relief drainage 
(e.g. W-drains, spoon drains) which removes excess surface water and barriers to 
surface water movement, such as high points in a paddock. 
It is important that before any earthworks are constructed in the landscape, a site 
investigation is carried out and planning and surveying is undertaken by qualified 
personnel. 
4.2.3 Waterways and wetlands 
Priority management actions for waterways and wetlands include: 
? protecting foreshore vegetation through fencing, revegetating and widening 
riparian corridors to an adequate width; 
? improving water quality by minimising sediment and nutrient transport through 
appropriate farming practices, such as minimum till, and retaining vegetation 
buffers adjacent to the waterbodies; 
? conducting regular monitoring programs for nutrient and salinity levels, and 
ecological characteristics, such as vegetation, macro-invertebrate and native 
fish, to enable early detection of changes in water quality and waterway health; 
? managing catchment hydrology changes by increasing water use in the 
landscape through using perennials and appropriate surface water 
management so as to reduce groundwater recharge and inflow to waterbodies; 
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? improving stability of river crossings; 
? increasing community understanding and awareness of the river and wetland 
systems;
? assessing the extent of recreational use, and implementing appropriate 
management activities to prevent or reduce the impact on waterbodies. 
Current and recent waterways investigations
The Department of Water has commissioned the University of Western Australia to 
undertake a survey of aquatic biodiversity values for rivers across the South Coast 
which will cover the Dalyup River and Coobidge, Coramup and Bandy Creek 
catchments.  The results of the survey will help identify waterways for priority 
protection.  The Dalyup River was also included as one of two representative 
catchments on the South Coast for a research project investigating the structural 
changes to the natural drainage systems as a result of land clearing.  The findings 
will be released in 2007.
4.2.4 Water resources 
4.2.4.1 On-farm water resources 
Dams with silt traps, piped inlets, improved catchments, diversion structures and 
regular maintenance, will improve the reliability of on-farm water supplies and ensure 
structures are operating at optimum storage and collection capacities.  Flat batter 
dams can be constructed in sandy soils and in areas where improved catchments are 
difficult or not economic to build.  Structures that hold water above ground level, such 
as a turkey nest dam, can be built in areas with shallow watertables. 
Most roof catchments are under-utilised and rainwater tanks could be arranged to 
harvest excess water that usually overflows as waste from large events. 
4.2.4.2 Urban water resources 
Priority management options for groundwater resources include: 
? implementing protection plans to ensure that where development occurs within 
groundwater areas, pollution risks are assessed and incorporated into the town 
planning strategy implemented by the Shire of Esperance; 
? implementing management plans for groundwater areas to achieve sustainable 
water allocation and development for current and future generations, and to 
protect groundwater dependent ecosystems; 
? connecting increased housing density developments to reticulated sewer and 
water supply;
? requiring licensees of large allocations to install a water meter and prepare and 
implement operating strategies to manage the impacts of abstraction and use of 
groundwater. 
ESPERANCE LAKES CATCHMENT APPRAISAL 
50
5. References 
Agriculture Western Australia (2000)  Dalyup Catchment 2000.  Agriculture Western 
Australia, Miscellaneous Publication No. 005/2001, Perth.
Atkins KJ (1998)  Department of Conservation and Land Management, Perth.
Unpublished.
Australian Bureau of Statistics (2002) Integrated regional database, Agstats 
(1353.0).  Canberra.
Australian Bureau of Statistics (2006) National regional profile:  Esperance (S) 
(Statistical Local Area).  <http://www.abs.gov.au/ausstats>.  Australian Bureau 
of Statistics, Canberra.  Latest issue released 20/11/2006.
Baddock LJ (1995)  Bore completion reports Esperance water deficiency area 1995.  
Geological Survey of Western Australia, Hydrogeology Report 195/9. 
Beard JS (1973)  The vegetation of the Esperance and Malcolm areas, Western 
Australia.  1:250,000 series.  Vegmap Publications, Perth. 
Berliat K (1952)  Report on exploratory drilling for water, Esperance Plain.  Western 
Australian Geological Survey Annual Report, pp. 59–64.
Chapman A (2006)  The many faces of Bandy Creek – an assessment of conditions 
and values.  Report prepared for Esperance Regional Forum. 
Cockbain AE (1968)  The stratigraphy of the Plantagenet Group, Western Australia.
Western Australian Geological Survey Annual Report. 
Coles NA (ed) (1998)  A farm water planning strategy for the eastern South Coast of 
Western Australia.  Department of Agriculture, Perth.
Coram J (1998)  National classification of catchments for land and river salinity 
Control.  Rural Industries Research and Development Corporation, Publication 
No. 98/78, compiled by the Australian Geological Survey Organisation. 
Department of Agriculture (2005a)  Local government area statistical estimates – 
Esperance Shire.  Department of Agriculture, Perth. 
Department of Agriculture (2005b)  Model of integrated dryland agricultural system, 
South Coast model 2004–07.  Department of Agriculture, Perth. 
Department of Agriculture (2005c)  Gross margins guide 2005.  Department of 
Agriculture, Perth. 
Department of Agriculture and Food (2006a)  Patched point dataset.
<http://srig-web.agric.wa.gov.au/PPDMap>.  Data retrieved 21 July 2006. 
Department of Agriculture and Food (2006b) Map units database.  Data retrieved:
September 2006. 
Department of Agriculture and Food (2006c) AgBores database.  Data retrieved:
October 2006. 
Department of Conservation and Land Management (2005)  Western Australian 
agricultural zone biodiversity survey database.  Department of Conservation 
and Land Management, Perth.  Data retrieved:  October 2006. 
ESPERANCE LAKES CATCHMENT APPRAISAL 
51
Department of Environment (2003)  Salinity investment framework interim report – 
Phase I.  Department of Environment, Salinity and land use impacts series, 
No. SLUI32, Perth.
Department of Environment (2005)  Draft Esperance groundwater area water 
management plan.  Department of Environment, Perth. 
Dunne R, Caccetta P and Beetson B (2001)  Prediction of areas of shallow 
watertable and salinity risk:  Ravensthorpe (109–083) and Esperance (108–083)
Landsat TM Scenes.  CSIRO Mathematical and Information Sciences, CMIS 
Report No. 01/**, Perth. 
Ecologia Environmental Consultants (2000)  A preliminary evaluation of wetlands in 
the Esperance water resource region.  Report for the Water and Rivers 
Commission, Perth. 
Ferdowsian R, Pannell DJ, McCarron C, Ryder A and Crossing L (2001)  Explaining 
groundwater hydrographs:  Separating atypical rainfall events from time trends.
Australian Journal of Soil Research 39: 861–875.
Foster I (2000)  Climatology of frost in southern Western Australia. In:  ‘Crop 
Updates 2000:  Cereals’.  Department of Agriculture, Perth. 
Foster I (2002)  Climate change projections and impacts for WA.  Department of 
Agriculture, Farmnote 5/2002, Perth. 
Gee S and Simons J (1997)  Catchments of the Esperance region of Western 
Australia.  Agriculture Western Australia, Resource Management Technical 
Report No. 165, Perth. 
George PR (1982)  Salinity in the Esperance Sandplains.  Proceedings of the Sand, 
Salt and Farming:  A Land Use Review.  March 1982, Esperance.  Western 
Australian Department of Agriculture and Primary Industry Association. 
George R and Bennett D (2004).  Impact of farm forestry systems on dryland salinity:
A modelling case study.  Australian Forestry Conference, 26–28 July, 
Melbourne. 
George R, Kingwell R, Hill-Tonkin J and Nulsen B (2005)  Salinity investment 
framework:  Agricultural land and infrastructure.  Department of Agriculture, 
Resource Management Technical Report No. 270, Perth. 
Government of Western Australia (1996a)  Western Australian salinity action plan.
Government of Western Australia, Perth. 
Government of Western Australia (1996b)  Salinity:  A situation statement for 
Western Australia.  A report to the Minister for Primary Industry, Minister for the 
Environment.  Government of Western Australia, Perth. 
Hart J (1997)  Esperance region water resources review and development plan.
Water and Rivers Commission, Water Allocation and Planning Series 
No. WRAP 5, Perth. 
Indian Ocean Climate Initiative (2005a)  How our climate has changed – Introduction.
Government of Western Australia, Climate Note 1/05, Perth. 
Indian Ocean Climate Initiative (2005b)  How our rainfall has changed – the 
south-west.  Government of Western Australia, Climate Note 5/05, Perth. 
ESPERANCE LAKES CATCHMENT APPRAISAL 
52
Indian Ocean Climate Initiative (2005c) How our temperatures have changed.  
Government of Western Australia, Climate Note 2/05, Perth. 
Johnson SL and Baddock LJ (1998)  Hydrogeology of the Esperance – Mondrain 
Island 1:250,000 sheet:  Western Australia.  Water and Rivers Commission, 
Hydrogeological Map Explanatory Note Series, Report HM 2, Perth.
Marimuthi S, Reynolds DA and Le Gal La Salle C (2005)  A field study of hydraulic, 
geochemical and stable isotope relationships in a coastal wetlands system.  
Journal of Hydrology 315: 93–116.
Massenbauer T (2006)  Preliminary draft Lake Warden natural diversity recovery 
catchment recovery plan 2005–2030.  Department of Environment and 
Conservation, Esperance. 
Meston J (2001)  Mapping and monitoring salinity:  The Esperance Landsat TM 
scene (108–083).  CMIS Report No. 01/162.  CSIRO Mathematical and 
Information Sciences. 
Morgan KH and Peers R (1973)  Esperance – Mondrain Island, Western Australia. 
1:250,000 Geological Series – Explanatory notes.  Geological Survey of 
Western Australia. 
National Land and Water Resources Audit (2001)  Australian dryland salinity 
assessment 2000.  Extent, impacts, processes, monitoring and management 
options.  NLWRA, Commonwealth of Australia. 
National Land and Water Resources Audit (2002)  Vegetation extent – Western 
Australia.  NLWRA, Perth. 
Pen L (1999)  ‘Managing our rivers:  A guide to the nature and management of the 
streams of south-west Western Australia.’  (Water and Rivers Commission:
Perth).
Productivity Commission (2005)  Trends in Australian agriculture.  Commonwealth of 
Australia, Canberra. 
Read VT (1991)  Catchment management planning for the Coobidge Landcare 
Group.  Esperance, Western Australia. 
Schoknecht N (2002)  Soil groups of Western Australia:  A simple guide to the main 
soils of Western Australia.  3rd edn. Department of Agriculture, Resource 
Management Technical Report 246, Perth.
SCRIPT (2005)  Southern Prospects 2004–2009:  The South Coast regional strategy 
for natural resource management.  South Coast Regional Initiative Planning 
Team, Albany. 
Short R (2000)  A conceptual hydrogeological model for the Lake Warden Recovery 
Catchments Esperance, Western Australia.  Agriculture Western Australia, 
Resource Management Technical Report No. 200, Perth. 
Short RJ (1997)  Hydrogeological systems and managing the water balance at 
Esperance WA. In:  ‘Increasing plant water use to reduce salinity’ (Ed. R.J. 
Short) Agriculture Western Australia, Resource Management Technical Report 
No. 169, Perth. 
ESPERANCE LAKES CATCHMENT APPRAISAL 
53
Short R and McConnell C (2001) Extent and impacts of dryland salinity.  Agriculture 
Western Australia, Resource Management Technical Report 202, Perth. 
Simons J and Alderman A (2004)  Groundwater trends in the Esperance Sandplain 
and Mallee sub-regions.  Department of Agriculture, Miscellaneous Publication 
10/2004, Perth. 
van Gool D, Tille P and Moore GA (2005)  Land evaluation standards for land 
resource mapping. 3rd edn.  Department of Agriculture, Resource Management 
Technical Report No. 298, Perth.
Walshe TV, Halse SA, McKenzie NL and Gibson N (2005)  Toward identification of 
an efficient set of conservation recovery catchments for Western Australian 
wheatbelt biodiversity.  Prepared for the Department of Conservation and Land 
Management, Perth. 
Water and Rivers Commission (2002)  Dalyup and West Dalyup Rivers action plan.
Water and Rivers Commission, Water Resource Management Series 
No. WRM 34, Perth. 
Water Corporation (2004)  Gibson water reserve drinking water source protection 
assessment, Gibson town water supply.  Water Corporation, Perth. 
Wilkins P, Gilfillan S, Watson J and Sanders A (ed) (2006)  The Western Australian 
South Coast macro corridor network – a bioregional strategy for nature 
conservation.  Department of Conservation and Land Management and South 
Coast Regional Initiative Planning Team, Albany. 
ESPERANCE LAKES CATCHMENT APPRAISAL 
54
Appendix 1.  Description of soil-landscape subsystems 
Table A1. Minor soil-landscape subsystems (alphabetical order)  
Subsystem Description 
Esperance Sandplain Zone (245) 
Condingup System
Co1
(6,000 ha, 1%) 
Gently undulating plain with subdued sand-sheets and dunes.  Pale deep sands 
and associated Grey deep sandy duplex soils (some gravelly). 
Esperance System
Es7
(1,000 ha, < 1%) 
Level plain with incipient saline drainage lines.  Grey deep sandy duplex 
(gravelly) soils with associated Pale deep sands and Saline wet soils. 
Gore System 
Go1
(2,000 ha, 1%) 
Poorly drained, low-lying coastal plain with very gently undulating sand dunes 
and some lakes and swamps.  Alkaline grey sandy duplex soils and Pale deep 
sands, minor Calcareous deep sands and Saline wet soils. 
Go3
(4,000 ha, 1%) 
Large swamps and lakes, often inundated for long periods.  Dominant soils are 
Saline wet soils that are regularly inundated for long periods with minor Pale 
deep sands. 
Go4
(1,000 ha, < 1%) 
Gently undulating sand-sheet and subdued dunes with swales.  Pale deep sands 
with associated Alkaline grey deep sandy duplex soils. 
Ney System
Ne1
(< 1,000 ha, < 1%) 
Moderately inclined to steeply inclined crests and slopes of hills.  Bare rock and 
associated Shallow sands. 
Ne2
(2,000 ha, < 1%) 
Gently inclined to moderately inclined hillslopes.  Grey deep sandy duplex soils 
and Pale deep sands with minor Shallow gravel and Grey non-cracking clays. 
Ne3
(1,000 ha, < 1%) 
Gently inclined lower slopes of hills and associated rises.  Grey deep sand 
duplex soils and Pale deep sands with minor Shallow gravel. 
Ne4
(< 1,000 ha, < 1%) 
Moderately inclined to steep slopes and sand-sheets on headlands.  Bare rock 
with areas of Pale deep sand and Grey deep sandy duplex soils. 
Tooregullup System
To1
(18,400 ha, 5%) 
Coastal dunes slope is variable from moderately inclined to steep.  Calcareous 
deep sands with associated Calcareous shallow sand, Pale deep sands with 
minor Pale shallow sand and Bare rock. 
To4
(5,000 ha, 1%) 
Coastal dunes and sand-sheet gently to moderately inclined.  Calcareous deep 
sands. 
To5
(7,000 ha, 2%) 
Level plain with moderately inclined dune ridges and associated swales with 
occasional swamps.  Calcareous deep sands with associated Pale deep sands 
and minor Calcareous shallow sands. 
Young System 
Yo1
(1,000 ha, < 1%) 
Incised river valley with gently to moderately inclined slopes and narrow alluvial 
plain, some breakaways on upper slopes.  Grey shallow sandy duplex soils with 
associated Grey deep sandy duplex soils and other minor soils. 
Yo4
(8,000 ha, 2%) 
Incised river valley with gently to moderately inclined slopes and small alluvial 
plain.  Grey shallow sandy duplex soils with associated Grey deep sandy duplex 
(gravelly) soils and minor Pale brown deep sands and Saline wet soils. 
ESPERANCE LAKES CATCHMENT APPRAISAL 
55
Table A1 continued … 
Subsystem Description 
Salmon Gums Mallee Zone (246) 
Buraminya System 
Bu7
(1,000 ha, < 1%) 
Level to gently undulating plain.  Alkaline grey shallow sandy duplex soils and 
Calcareous loamy earth with minor Non-cracking grey clays. 
Halbert System
Ha1
(34,000 ha, 8%) 
Gently undulating to undulating plain with many small playas.  Lunettes and sand 
dunes are common on the eastern side of lakes.  Alkaline grey deep and shallow 
sandy duplex soils with associated Salt lake soils, Pale deep sands and 
Calcareous loamy earths. 
Ha3
(1,000 ha, < 1%) 
Gently undulating plain.  Alkaline grey shallow and deep sandy duplex soils with 
associated Calcareous loamy earths and Pale deep sands. 
Ha4
(14,000 ha, 3%) 
Gently undulating to undulating plain with few to common small playas.  Alkaline 
grey shallow and deep sandy duplex soils with associated Calcareous loamy 
earths, Salt lake soils and Pale deep sands. 
Wittenoom System 
Wm1
(< 1,000 ha, < 1%) 
Moderately inclined to steeply inclined crests and slopes of hills.  Bare rock and 
associated Stony soils. 
Wm2
(2,000 ha, 1%) 
Gently inclined to moderately inclined slopes of hills.  Alkaline grey shallow 
sandy and Loamy duplex soils with associated Pale deep sands, minor 
Non-cracking clays and Shallow gravels. 
Wm3
(< 1,000 ha, < 1%) 
Gently inclined lower slopes and associated plains of hills.  Alkaline grey shallow 
sandy and loamy duplex soils with associated Pale deep sand, minor Shallow 
gravels. 
Source:  DAFWA (2006b). 
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Appendix 2.  Wetland classification  
A2.1 Definitions 
Basin wetlands are commonly referred to as ‘lakes’ and may be permanent, 
seasonally inundated or mainly dry (intermittent) (Table A2).  A large number of 
wetlands within the study area are non-permanent.  Winter rainfall fills or partially fills 
these wetlands and the waters infiltrate or evaporate over summer (Ecologia 
Environmental Consultants 2000).
Table A2. Wetland classification type 
Water permanence Wetland type* 
Permanent inundation Lake (swamp) 
Seasonal inundation Sumpland (swamp) 
Intermittent inundation Playa (claypan, salt lake) 
Seasonal waterlogging Dampland (winter-wet depression) 
* Commonly used alternative name in brackets. 
Wetland size is based on the dimensions of individual wetlands: 
? microscale – 100 m x 100 m to 500 m x 500 m; 
? mesoscale – 500 m x 500 m to 1,000 m x 1,000 m; 
? macroscale – 1 km x 1 km to 10 km x 10 km. 
A2.2 Management categories 
The classified suites have been assigned a management category according to the 
condition and values of the wetlands within the suite.  These management categories 
and associated priorities are: 
? Conservation (C) – the highest category, to provide maximum protection to high 
value wetland attributes and functions. 
? Resource Enhancement (R) – designated to maintain the wetland attributes and 
functions and wherever possible enhance the ecological values of the wetland. 
? Multiple Use (M) – to use, develop and manage wetlands in the context of 
water, town and environmental planning while maintaining environmental 
functions.
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Table A3. Wetland suites 
Wetland suite Description Management category 
Ashdale suite This suite contains several ovoid mesoscale sumplands with 
vegetation remaining within the wetland proper, but minimally in 
surrounding areas.   
R
Bandy Creek 
suite 
This suite consists of an extensive series of numerous microscale to 
mesoscale, ovoid to irregular playas or salt lake chains of the Halbert 
System.  
R
Barker Inlet 
suite and 
Paper Bark 
Swamp
This area includes Barker Inlet and two irregular mesoscale 
sumplands to the west and associated saline floodplains, and Paper 
Bark Swamp.  The inlet has a small lagoon that is shallow and often 
dry in summer.  
Paper Bark Swamp consists of numerous microscale round to ovoid 
sumplands and damplands and associated extensive floodplain and 
winter wet areas that drain into the Inlet.  The suite has formed at the 
termination of Coobidge Creek and the vegetation is in good condition 
since the suite is almost entirely contained within a Nature Reserve. 
Ciii;
Barker Inletii
Baylemup
Lake suite 
This named wetland is a microscale irregular sumpland with 
associated dampland areas.  
R
Benje
Benjenup suite 
This suite contains Benje Benjenup Lake, an ovoid macroscale 
sumpland, and several irregular microscale sumplands and 
associated damplands.  
Ciii
Bostock suite An extensive series of numerous microscale, round to ovoid saline 
playas make up this suite.  
R
Bukenerup 
Lake suite 
This named wetland is a microscale ovoid sumpland.  M 
Burdett suite This suite consists of an extensive series of numerous microscale 
ovoid to irregular playas (claypans). 
C
Caitup suite This suite includes several wetlands associated with the middle 
portion of Kateup Creek and a minor tributary.  
R#
Canowindra 
suite 
This suite includes a series of round to ovoid microscale to mesoscale 
lakes, sumplands and associated dampland areas in depressions 
within the Esperance sandplain.  
R
Coobidge 
Creek suite 
This suite is an extensive area of numerous round to ovoid 
mesosaline playas (claypans or salt lake chains) and sumplands 
within the Coobidge Creek catchment.   
R
Coomalbidgup 
Swamp suite 
Coomalbidgup Swamp is a macroscale ovoid freshwater lake that is 
vegetated throughout, although there has been considerable tree 
death in the centre of the wetland in recent years.  
Ciii
Dalyup River 
Suite
This suite includes channel wetlands and coalescing chains of 
microscale round to ovoid playas associated with the poorly defined 
drainage system of the upper Dalyup River.  The chains form distinct 
linear series and may represent the senescent stages of channel 
wetlands.  Parts of the central and north-eastern area are uncleared.   
R
Esperancho 
suite 
This suite includes a round microscale lake (Esperancho Lake) and 
several microscale sumplands.  
R
Ginginup Suite This suite contains a single microscale ovoid lake and a series of 
irregular microscale sumplands and damplands and associated winter 
wet areas.  The wetlands periodically provide inflow to the Lort River.  
The area is almost entirely cleared and consists largely of seasonally 
inundated to waterlogged paddocks.   
M
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Table A3 continued … 
Wetland suite Description Management category 
Gore system This system includes a series of named lakes — Lake Gore and 
satellite lakes including Lake Carbul, Kubitch and Gidong and 
Quallilup Lake — and associated extensive areas of lakes, sumplands 
and damplands that have formed at the confluence of Coobidge 
Creek in the west and the Dalyup River in the east.  
Ci
Heart Echo 
Suite
This suite consists of 3 microscale irregular playas in close proximity 
including the named wetland Heart Echo Lake.  There are remnants 
of fringing vegetation around individual wetlands and a thin buffer of 
vegetation along the southern edge of the suite. 
R
Jenabillup 
suite 
This is an extensive series of microscale round to irregular sumplands 
and dampland areas.  
R
Kogody suite This mostly cleared suite consists of a scattered series of round to 
irregular microscale sumplands and associated dampland areas. 
M
Lake Warden 
system 
The total area of the system is 1,200 ha and it includes (from west to 
east) Lake Warden, Racecourse Lake, Windabout Lake, Woody Lake 
and Wheatfield Lake in the Coramup Creek watercourse, and Station 
Lake, Mullet Lake and Ewans Lake in the Bandy Creek watercourse. 
The wetlands consist of mesoscale to macroscale ovoid or irregular 
lakes and microscale to mesoscale round or irregular sumplands.  
The wetlands are situated in depressions within vegetated sand 
dunes (Warden to Wheatfield Lakes) and on a small coastal plain 
(Station to Ewans Lakes) within the Gore System. 
Ci
Lennoch suite This suite includes several microscale ovoid sumplands and 
damplands within an area of farming land.  
R
Lower
Coobidge suite 
This suite contains several microscale ovoid to irregular sumplands 
and damplands within the Coobidge Creek catchment.  
R
Monjingup 
Lake suite 
Monjingup Lake is a microscale ovoid lake and associated 
sumplands.  Nearby Little Monjingup Lake is a microscale irregular 
sumpland. 
Ciii
Moonanup 
Swamp suite 
This suite includes Moonanup Swamp and a series of irregular 
microscale sumplands and associated damplands.  
R
Mortijinup
Lake system 
The system occupies 750 ha and is a chain of connected or closely 
adjacent wetlands within reserves.  It contains an unnamed marsh, 
Mortijinup Lake, Nambarup Lake and Nambarup West Swamp.  The 
wetlands are mesoscale to macroscale irregular lakes and 
sumplands. 
Cii
Murra Murra 
Suite
This suite is extensive and contains numerous microscale to 
mesoscale round to irregular playas, with some areas of swamplands 
and damplands.  The suite includes the named wetland Coolinup 
Swamp and comprises a mosaic of vegetated and recently cleared 
areas.   
MR
Pink Lake 
suite 
Pink Lake is a macroscale ovoid lake with salt extraction ponds at the 
north-east end.  Surface inflow to the lake is from disturbed land and 
roads and there is some groundwater contribution.  The alga 
Dunaliella salina is abundant and it has a pink (beta-carotene) 
pigment.
Cii
Sears Road 
suite 
This suite contains scattered ovoid to irregular sumplands and 
damplands on the slightly undulating plain of the Esperance System.  
M
Shark Lake 
suite 
This suite consists of several irregular microscale lakes and 
sumplands including Shark Lake.  The area is partially vegetated.  
R#
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Table A3 continued … 
Wetland suite Description Management category 
Suite Sixteen 
(Helms) 
This suite includes a mesoscale ovoid sumpland, a microscale round 
sumpland and associated dampland areas.  
Ciii
Truslove suite New suite not listed by EEC (2000).  Extensive series of rounded and 
elongated chains of basins and playas contained within the Truslove 
Nature Reserve to the north, and a large area of unallocated Crown 
land to the south and east.  
C
Uaremba Suite This suite consists of several irregular microscale sumplands and 
damplands and associated winter wet areas.  Most of the native 
vegetation has been cleared.   
M
Warrawoona 
suite 
This suite includes a series of microscale ovoid to irregular playas 
scattered throughout the area. 
M
Wyndee suite This suite occupies a relatively small area and includes several 
microscale ovoid to irregular playas.  
M
i – internationally significant Ramsar site; ii – nationally significant; iii – regionally significant. 
# May be upgraded to C category after further evaluation. 
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Appendix 3.  Esperance groundwater area 
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Appendix 4.  Priority flora and vegetation types 
Table A4. Current impact and potential risk from shallow watertables on DRF and 
Priority Flora 
Species Status Species Status
Eucalyptus merrickiae DRF–Vuln Eucalyptus foliosa P3
Dampiera sericantha P1 Eucalyptus semiglobosa P3
Dillwynia acerosa P1 Goodenia laevis subsp. laevis P3
Dryandra longifolia subsp. calcicola P1 Lepidosperma pruinosum P3
Hibbertia carinata P1 Leucopogon rotundifolius P3
Lepidium fasciculatum P1 Melaleuca incana subsp. tenella P3
Stachystemon vinosus ms P1 Persoonia cymbifolia P3
Darwinia sp. Mt Ragged (S. Barrett 
663)
P2 Trachymene anisocarpa var. trichocarpa P3
Eremophila chamaephila P2 Caladenia arrecta P4
Grevillea plurijuga subsp. superba P2 Darwinia polycephala P4
Melaleuca eximia P2 Darwinia sp. Mt Burdett (N.G. Marchant 
80/42)
P4
Melaleuca viminea subsp. appressa P2 Eremophila serpens P4
Patersonia inaequalis P2 Eucalyptus dolichorhyncha P4
Thysanotus brachiatus P2 Eucalyptus erythrandra x P4
Thysanotus parviflorus P2 Eucalyptus goniantha subsp. goniantha P4
Acacia euthyphylla P3 Kennedia beckxiana P4
Acacia pritzeliana P3 Leucopogon tamariscinus P4
Comesperma calcicola P3 Siegfriedia darwinioides P4
Conostephium marchantiorum P3 Verticordia vicinella P4
Source:  Department of Conservation and Land Management (2005). 
Definitions of conservation status codes given to DRF and Priority Flora (Atkins 
1998):
DRF: Declared Rare Flora – Extant Taxa 
Taxa which have been adequately searched for and are deemed to be in the wild 
either rare, in danger of extinction, or otherwise in need of special protection, and 
have been gazetted as such.  There are three rankings of DRF, in order of priority – 
Critically Endangered (Crit), Endangered (End) and Vulnerable (Vuln). 
P1: Priority One – Poorly Known Taxa 
Taxa that are known from one or a few (generally less than five) populations, which 
are under threat, either due to small population size, or being on lands under 
immediate threat, e.g. road verges, urban areas, farmland, active mineral leases, or 
the plants are under threat, e.g. from disease, grazing by feral animals.  May include 
taxa with threatened populations on protected lands.  Such taxa are under 
consideration for declaration as ‘rare flora’, but are in urgent need of further survey. 
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P2: Priority Two – Poorly Known Taxa 
Taxa which are known from one or a few (generally less than five) populations, at 
least some of which are not believed to be under immediate threat (i.e. not currently 
endangered).  Such taxa are under consideration for declaration as ‘rare flora’, but 
are in urgent need of further survey. 
P3: Priority Three – Poorly Known Taxa 
Taxa that are known from several populations, and the taxa are believed to be not 
under immediate threat (i.e. not currently endangered), either due to the number of 
known populations (generally more than five), or known populations being large, and 
either widespread or protected.  Such taxa are under consideration for declaration as 
‘rare flora’, but are in need of further survey. 
P4: Priority Four – Rare Taxa 
Taxa which are considered to have been adequately surveyed and which, while 
being rare (in Australia), are not currently threatened by any identifiable factors.  
These taxa require monitoring every 5–10 years. 
Note:  The need for further survey of poorly known taxa is prioritised into the three 
categories depending on the perceived urgency for determining the conservation 
status of those taxa, as indicated by the apparent degree of threat to the taxa on the 
current information. 
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Table A5. Vegetation types and present cover 
Beard’s vegetation description 
Area of 
original
cover (ha)
Area of 
original
cover (%)
Proportion of 
original cover 
remaining (%) 
Proportion of 
original cover 
remaining (% of 
vegetation type)
Bare areas         
Drift sand 6,100 2 < 1 27 
Rock outcrops 220 < 1 < 1 41 
Salt lakes 3,310 < 1 < 1 12 
Woodland      
High grass savanna stringybark and 
woollybutt 270 < 1 < 1 17 
Low paperbark (Melaleuca sp.) 900 < 1 < 1 8 
Medium red mallee group 980 < 1 < 1 94 
Medium yate 3,100 < 1 < 1 27 
Shrublands     
Banksia scrub-heath on coastal plain 20,270 5 2 41 
Banksia scrub-heath on sandplain 75,650 19 3 13 
Mallee and acacia scrub on south 
coastal dunes 19,620 5 4 82 
Mallee scrub, Eucalyptus eremophila 20 < 1 < 1 100 
Mallee scrub, E. eremophila and 
E. forrestiana 16,070 4 < 1 12 
Shrublands; mallee scrub, 
E. eremophila and red mallee 290 < 1 < 1 100 
Mallee scrub, black marlock 24,850 6 1 19 
Mallee scrub, black marlock and 
Forrest's marlock 82,250 20 9 45 
Scrub-heath 27,630 7 < 1 5 
Scrub-heath in the Esperance Plains 
incl. Mt Ragged scrub-heath 15,160 4 2 49 
Tallerack mallee-heath 103,990 26 2 8 
Teatree scrub 3,690 < 1 < 1 15 
Total 404,370 100 25 
Source:  Beard (1973) and National Land and Water Resources Audit (2002). 
